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The objective of the project is to determine the effect of bleaching with washing 
between stages on high yield unbleached pulp. The bleaching chemical used for this 
experiment is sodium hydrosulfite. Sodium hydrosulfite is a lignin preserving bleaching 
agent, which is necessary due to the high yield pulp. The lignin concentration in high yield 
pulp is extremely high compared to the normal amount found in other papers. The 
experiment will be done using a two stage bleaching sequence. The control sequence will 
consist of a direct charge of sodium hydrosulfite and the other. two sequences will be done 
with washing between stages. After the bleaching stages are complete, they will be 
analyzed for brightness. The brightness pads that are made will then be placed into an 
oven in order to artificially age the sheet. This will allow for the testing of brightness 
reversion. When completed the results will show the effect of the washing between 
stages. This is done by comparing the amount of brightness reversion that has been done 
due to aging. It will also show the best concentration for the sequence. The effect 
washing has will be that as the pulp is washed the paraquinones that are formed will be 
partially washed out, this will allow for a reduction in the yellowing effect. As for the 
concentration, it can be seen that an optimal level of one to three percent on oven dry fiber 
is best. As the amount of sodium hydrosulfite in increased there is only a minimal effect 
on the overall brightness that is obtained. During the experiment there was an increase in 
brightness reversion after the washing stages. This is discussed further in the discussion 
section. The optimal charge was determined to be 1 % sodium hydrosulfite. It was also 
determined that a 4% brightness reversion would be possible if oven aged for 18 hours. 
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INTRODUCTION 
Currently the paper industry is looking for new and improved methods to achieve 
the perfect sheet. The perfect sheet being one with maximum strength and appearance 
qualities. There have been many discoveries of how to strengthen the sheet, but a sheet 
that will not yellow is still elusive. This is the reason for my thesis. By using a 
combination of sodium hydrosulfite and washing between a two stage bleaching sequence, 
I plan to determine the effect of washing on brightness reversion. So far there is not a 
wide use of sodium hydrosulfite alone. I hope to optimize it's use in order to decrease the 
yellowing effect. For this study, a high yield chemithermomechanical pulp (CTMP) will be 
used. Presently high yield pulps are mainly used for newspaper and low brightness grades. 
High yield pulps contain high amounts of lignin and must be bleached using lignin 
preserving chemicals. Sodium hydrosulfite is one of two chemicals currently used for this 
process. The lignin in paper reacts with oxygen in the air and ultra-violet light causing the 
production of paraquinones. This is what causes the sheet to yellow. The experiment will 
be done using a control sequence without washing and two different charges of sodium 
hydrosulfite with washing. From this it will be determined what the optimal amount of 
sodium hydro sulfite is for this process and the effect of washing . The amount of 
paraquinones that are washed out in the process will be determined by the brightness 
reversion. By doing this, I believe that an insight of the final product quality, along with 
the optimization of the sequence, with respect to brightness reversion, can be attained. 
BACKGROUND 
BLEACHING 
Today there are two approaches in the chemical bleaching of pulps. One approach 
is lignin preserving bleaching. This approach utilizes chemicals that selectively destroy 
some of the chromophoric groups, but does not materially attack lignin. 
1 
Lignin is a 
brownish compound ( part of wood - 25%) which keeps the cellulose fibers bound or 
glued together in wood. 
2 The other approach is lignin removing, which almost totally 
destroys the residual lignin. The selective approach is often referred to as "brightening". 
This method is usually limited to achieving brightness values in the 70's. Although 
brightness gains can be substantial, there is no known method of selectively brightening 
with permanent effects. The cause of this is the exposure to light and oxygen in the 
atmosphere which causes the lignin to rapidly discolor. 
The objective in mechanical pulping is to retain as much of the original wood 
components as possible. The pulping yield will normally range from 80 % to 98 %. 
Chemithermal or mechanical pulp yield can be as low as 65%.
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In order to retain the advantage of high yield mechanical, chemimechanical, and 
chemithermomechanical pulps, they must be decolored or brightened by methods that do 
not solubilize any appreciable amount of lignin. 4 The chemicals that are used 
commercially for this purpose are sodium hydrosulfite (Na2S204) which has a reductive 
action and hydrogen peroxide (H202) which has an oxidative action. The use of single­
stage treatments are sufficient for improving the appeal of newsprint pulps. Sodium 
hydrosulfite is generally used to gain up to nine brightness units. Brightness values over 
5 
6 
80 can be achieved by modern two-stage processes. However, there is no treatment that 
can provide a brightness value that is stable when exposed to ultra-violet light and oxygen. 
The purification and whitening is achieved in a series of step-wise operations. 
Each step in a bleaching process is referred to as a stage. Each bleaching stage essentially 
consists of three major steps: (I) mixing of the pulp with chemicals and heat, (2) retention 
of the mixture in suitable vessels, and (3) washing of the pulp after reaction to remove the 
impurities released by the chemical reaction together with the excess of the bleaching 
chemicals. 5 Several variables such as the amount of chemicals added, pulp consistency, 
temperature, time, and pH play a decisive role in the control of a bleaching stage. 
The selection of the proper number of stages or the bleach sequence is determined 
by:
6
1. The nature of the fiber specie to be bleached ( softwood or hardwood)
and the desired range of brightness to be obtained.
2. The pulping process applied during conversion of wood to pulp
(chemical, mechanical, or combination of both)
3. The end use for which the bleach pulp is designated
4. The environmental protection limitations.
SODIUM HYDROSULFITE 
The term "hydrosulfite" is commonly used in the industry for the S204· · radical. 
American technical literature uses the term "dithionite". Sodium hydrosulfite is a free 
flowing, white, and uniformly crystalline chemical having an empirical formula of 
Na2S204. 
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When moistened it forms a dihydrate which reacts almost instantaneously with
oxygen. In an aqueous solution, it exhibits strong reducing properties toward most metal 
salts and many organic compounds. 
The hydrosulfite anion may be regarded as a pair of so2• units linked by a weak 









A rapid exchange of sulfur between hydrosulfite and sulfur dioxide has been observed, 
indicating that although the existence of the free radical so2• has not been observed, it 
must occur at least as a transitory species 
7 
The reducing action can be considered as
proceeding by loss of an electron to an acceptor with subsequent formation of sulfur 
dioxide. This strong reducing action of sodium hydrosulfite proceeds by either the 
alkaline reaction: 9
or the acidic reaction: 
9
Sodium hydrosulfite or sodium dithionite is inherently unstable. It may be 
supplied in a "stabilized" form or it can be generated on site by reacting SOi with a 
proprietary caustic solution of sodium borohydride. The brightness effect is obtained by 
the chemical reduction of colored quinoid lignin structures to colorless phenolics. 
10 The 
7 
reaction is the oxidation of hydrosulfite radical (S204-) to the sulfite (S03--) or bisulfite 
(HS03-) releasing reactive hydrogen: 
11 
The hydrogen then combines with the pulp to decolor the "chromophores". 
There are four categories of variables that effect hydrosulfite bleaching. The four 
categories are pulpwood quality, process variables, contaminants, and process conditions. 
The four variables and the parts are in Appendix I. 
The normal conditions for hydrosulfite brightening are as follows: 4-8% consistency, pH 
of 5. 5-6. 5, and a retention time of 1-2 hours at 60 degrees C. The chemical application is 
limited to 1 % or lower because at higher applications it only provides marginal brightness 
gains. Under normal bleaching conditions at a pH of 5 to 6, the prime reducing function 
of hydrosulfite is the transformation of quinones to hydroquinones. 
3 
Under normal acidic 
bleaching conditions sodium hydrosulfite can eliminate or reduce the color to varying 
degrees. At an acidic bleaching pH, hydrosulfite is generally inactive with many carboxyl 
compounds, and does not reduce aldehyde groups, carboxylic acids, or ethylenic double 
bonds.3
8 
Low pH levels and high temperature along with inadequate mixing can lead to loss 
of hydrosulfite. Hydrosulfite is very reactive with exposure to atmospheric air or 
entrained air will cause rapid oxidation. One solution to this problem is to deaerate the 
pulp prior to application. 
Restrictions in brightness gains and brightness stability problems are linked to the 
presence of iron, copper, and other heavy metal ions. In hydrosulfite bleaching, iron salts 
9 
are believed to be one of the main causes limiting brightness response and contributing to 
brightness reversion. However, other metal ions such as copper, cobalt, nickel, and 
aluminum can contribute to the problem. 12 Sodium tripolyphosphate (NasP3010) is widely
used in sodium hydrosulfite brightening applications as a chelating agent. It immobilizes 
the metals ions and prevents the formation of undesirable col�red salts. 14 Sodium silicate
is also an effective chelating agent for hydrosulfite brightening. 
BRIGHTNESS REVERSION 
The main objective of this thesis is the study of brightness reversion. Brightness 
reversion is the loss of brightness by pulps, especially bleached market pulps, or by white 
papers and boards, during natural or artificial aging.13 In the presence oflight or heat, 
pulps develop a brightness reduction and tends to yellow. The rate that the brightness 
reduction occurs is determined by the woods age and species, bleaching conditions, and 
the environment in which the wood is stored. Due to the demand of consumers, 
brightness reversion of pulp must be minimal if it is to see any increase in the use for 
printing papers. The cause of brightness reversion is due to the reaction between the air, 
light, and paper. This reaction can be seen in the general mechanism for brightness loss in 
high yield pulps: 











Air = Yellow Dyes 




Much of the color but not necessarily all, is due to the reactivity of lignin and its tendency 
to form chromophoric configurations. It has been reported that the lignin chromophores 
may be attributed to combinations of a number of factors. The most predominant are the 
presence of: 
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A Vinylic ring - conjugated double bonds 
B. Quinoid systems
C. Chai cone structures
D. Free radicals
E. Metal complexes with catechols
The quinones are the cause for yellowing. The following structures in diagram 2 



















Brightness reversion may also take place without the presence oflight. The yellowing 
which occurs in the dark is strongly accelerated in a humid atmosphere.
15 
The problem of brightness reversion has been studied for a long time, and its cause 
has been attributed to practically every component of pulp and paper, including lignin, 
hemicellulose, oxidized cellulose, resin, metal ions, and such paper additives as resin, 
alum, and glue starch. In spite of the numerous investigations, its cause and prevention 
are still not entirely understood. Obviously, a large number of compounds and reactions 
are involved which are different for different pulp types and various bleaching agents and 




The bleaching of mechanical and chemithermomechanical pulp is one of great 
interest today. The paper industry is concerned with the attractiveness and sheet 
performance. In 1988, sodium hydrosulfite was the agent of choice for many newsprint 
producers. Most producers are looking for higher brightness values. Most are using 
sodium sulfite for pulping and following it by sodium hydrosulfite bleaching. This is being 
done to avoid the use of hydrogen peroxide. 
In another study the brightness of spruce was 60-67% ISO brightness. This was 
achieved by a two stage bleaching sequence with sodium hydrosulfite. The pulp that is 
being used in this thesis is spruce at a Canadian Standard Freeness of 100 and an ISO 
brightness of 60. This will allow for the comparison between the study mentioned above 





EXPERIMENT AL DESIGN 
The pulp used in this thesis experiment is from Tembec Corporation, Canada. The 
pulp is produced with 50% Temcell High-Yield Pulp. Since the pulp is high yield 
unbleached pulp, it is ideal for this experiment. The following in Table 2 is a list of the 






DCM Extractive, % max 
Tear, Nm2/kg 
Bulk, cm3/g 
Fines %<0.41, mm 
TEMCELL HIGH YIELD PULP 
Typical Characteristics 
I 00% Chlorine Free 
100/60 Freeness 
Spruce 
68 Brightness,ISO (min) 
90 Shives, % max 
0. 15 Tensile, kNm/kg 
9.0 Burst Index, mPam2 /kg 








The bleaching chemical being used in this experiment is sodium hydrosulfite. The 
sodium hydrosulfite is from Hoechst Celanese, in Charlotte, North Carolina. It is a lignin 
preserving bleaching agent and commonly used for high yield pulps. It is also called 
sodium dithionite. 
The experiment was done on a laboratory scale. The pulp was made with the 
Temcell supplied from Tembec. It was placed in a waring blender for five minutes, then 
placed in the laboratory valley beater for thirty minutes. When the pulp was finished it had 
obtained a Canadian Standard Freeness of 223. The pulp was then treated with a 
chelating agents. The chelating agent used was diethylenetriaminepenta - acetic acid 
13 
(DTPA). The purpose of the chelating agent is to sequester the heavy metal ions that are 
present, this helps to protect the sodium hydrosulfite from becoming decomposed in 
adverse reactions with the metal ions. After the pulp is made, it will then be sent through 
a series of bleaching sequences. The first sequence is the control group. This group will 
be bleached without washing between stages. It was done at -1, 2, and 3 % charges of 
sodium hydrosulfite. The next stage was at 1 % charge of sodium hydrosulfite in each 
stage, it will then be washed and then bleached again at the same charge. The third 
sequence is done at 2% charge in each stage, then washed between. The fourth stage was 
done at 3% charge in each stage, then washed between each stage. Once the bleaching 
sequence is complete a brightness pad will be made initially. The brightness pads will be 
analyzed for brightness and color. The pads will the be place into the oven for 72 hours. 
This will artificially age the paper. The brightness pad will be analyzed for brightness and 
color again. It is from this data that the brightness reversion and effect of washing 
between stages will be determined. A diagram of the experimental design can be found in 
Appendix II. 
EXPERIMENTAL PROCEDURES 
The procedures used for the experimental process were provided by Virginia 
Chemicals (Hoescht Celenase).
19 
Description of Apparatus: 
A diagram of the recommended apparatus for standardizing the bleach liquor and 
for mixing the bleach liquor and pulp without contact with air is in Appendix ill. The 
bleach liquor is prepared and stored in a three - liter flask which is connected by a siphon 
14 
tube to a self-filling 50 mL burette. The liquor in the storage flask and in the burette are 
protected from air by nitrogen gas at a slightly positive pressure regulated by a bubbler. 
The burette tip, a 1.25 - inch, propeller type, stainless steel agitator fitted with a glass 
friction sleeve and a nitrogen gas tube are connected through a number ten rubber stopper 
to a 500 mL. widemouth Erlenmeyer flask. The stopper is wired to an iron ring support 
and the flask is supported on a removable wooden block. Nitrogen is introduced into the 
flask through the gas tube and allowed to escape around the agitator shaft. The nitrogen 
for purging the flask should be supplied at a pressure greater than that for the solution 
blanket to allow greater volume of gas flow. The agitator is driven by a variable speed 
stirrer adjustable up to 2500 R.P.M.
Preparation of the Bleaching Liquor: 
For optimum results in laboratory bleaching tests, the addition of the bleach 
chemicals as a one percent solution is recommended. To insure maximum stability of the 
small volumes handled, solutions of at least one liter in volume should be prepared daily as 
follows: 
1. Add 1980 mL. of boiled, distilled water to the storage vessel and sweep the
unfilled portion for five minutes with an oxygen free nitrogen stream flowing
at a rate of about 1000 mL. per minute.
2. Quickly add exactly 20.0 grams ofV-Brite, stopper the flask and dissolve by
swirling.
3. Connect the nitrogen gas and siphon lines and slowly open the valve
using a bubbler to regulate the gas pressure.
Medium Density Bleaching Procedure: 
1. Place 50 grams of pulp, on a dry basis, in a two - quart polyethylene bag and
sweep the bag free of air with nitrogen gas, massaging the pulp while adding
the gas to remove any small pockets of air.
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2. Seal the top of the bag with a rubber band, place in a water bath and heat to 10
degrees F. above the required bleaching temperature.
3. Flush out the burette with V-Brite solution and fill with sufficient bleach liquor
to give the required treatment.
4. Hold mouth of the bag over the stopper on the stirring apparatus and slowly add
the desired amount of bleach liquor from the burette. Continuously knead the
pulp while the bleach chemicals are being added. Allow a stream of nitrogen to
flow slowly through the bag during the chemical addition.
5. Remove the bag from the mixing apparatus and after pressing out the excess
nitrogen, seal the bag with a rubber band. Then knead the pulp for an additional
two minutes.
6. Weight the bag so the pulp is completely submerges in the constant temperature
bath during the reaction period. Steps 3, 4, and 5 should be accomplished with
as little delay as possible to avoid loss of heat from the pulp.
Formation of Brightness Handsheets: 
Dilute sufficient pulp for a handsheet of 0.2 - 0.5 % consistency with distilled 
water and adjust the finishing pH to the desired value with either mineral acid or sulfur 
dioxide. Since the brightness of groundwood pulp generally increases as pH is lowered, 
all sheets should be formed from slurries of the same pH for accurate work. A finishing 
pH of 4.5 to 5.0 is recommended. Filter the slurry on a Buchner funnel using a smooth 
surface filter paper. After pressing between blotters, air-dry the handsheets and determine 
the brightness of the side which was exposed to the atmosphere during filtration. Sample 
calculations can be found in Appendix IV. 
RESULTS 
The experiment was done in two stages. The first stage was done by bleaching 
with I% sodium hydrosulfite. The second stage was done using 3% sodium hydrosulfite. 
In Appendix V there is a listing of all the data collected throughout the experiment. The 
following are the results from each stage. 
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Stage one of the experiment was done with I% sodium hydro sulfite on oven dried 
fiber. This stage was divided into five sequences. Two sequences were control and three 
sequences were done with washing between each stage. In the Control A first stage run, 
the average brightness was 63.64 and the percent brightness reversion was 17.65% at 72 
hours aging time in the oven at I 05 degrees Celsius. At 18 hours it had a reversion of 
4. 41 %. Control A after the second stage had an average brightness of 61. 81 and a
reversion of 17.09% at 72 hours. After I 8 hours it's brightness reversion was 4.27%. 
Control B's first stage run had an average brightness of 64. 3 0 and a 72 hour reversion of 
15.43%. In 18 hours it's reversion was 3.86%. The second stage of Control B obtained a 
brightness average of 64.21 and a 72 hour reversion of28.43%. After 18 hours of aging 
it's reversion was 7. 11 %. The first stage of Run A obtained an average brightness of 
65.15 and a reversion of 18.89% after 72 hours. At 18 hours the reversion was 4.72%. In 
the second stage of Run A, the brightness average was 65.40 and a 72 hour reversion of 
26.85%. In 18 hours the reversion was 6.71%. The first stage ofRun B obtained an 
average brightness of 65.30 and a 72 hour reversion of 20.75% with an 18 hour reversion 
of 5 .19%. The second stage of Run B had a brightness of 64. 50 and a 72 hour reversion 
of20.70% with an 18 hour reversion of 5.18%. The first stage of Run C reached an 
average brightness of 64.88% with a 72 hour reversion of 18.43% and an 18 hour 
reversion of 4.07%. During the second stage of Run C, an average brightness of 63.45 
and a 72 hour reversion of27.50% with an 18 hour reversion of 6.83% were obtained. 
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The second group of bleaching sequences were done at a charge of 3% sodium 
hydrosulfite. In the first stage of Control A, the brightness obtained was 64.01 with a 72 
hour reversion of21.50% and an 18 hour reversion of 5.38%. The second stage of 
Control A resulted in a brightness of 65. 54 along with a 72 hour reversion of 23. 98% and 
an 18 hour reversion 6.00%. During the first stage of Control B, a brightness of 65.01 
was obtained with a 72 hour brightness reversion of 20.45% and an 18 hour reversion of 
5.11%. In the second stage of Control B, a brightness of 66.37 and a 72 hour reversion of 
21 . 86% with an 18 hour reversion of 5. 4 7% were obtained. In the first stage of Run A, a 
64.91 brightness with a 72 hour reversion of23.53% and an 18 hour reversion of 5.88% 
were obtained. In the second stage of Run A, a brightness of 65.05 was achieved with a 
72 hour reversion of27.80% and an 18 hour reversion of 6.95%. Run B achieved a 
brightness of 64.85 and a 72 hour reversion of 23.69% and an 18 hour reversion of 
5.92% in the first stage. In the second stage of Run B, a brightness of 65.58 was obtained 
with a 72 hour reversion of22.91% and an 18 hour reversion of 5.73%. The first stage 
of Run C achieved a brightness of 64. 82 with a 72 hour reversion of 23. 14 % and an 18 
hour reversion of 5.79%. The final stage of Run C reached a brightness of65.0l and a 72 
hour and 18 hour reversion of 21.35% and 5.34% respectively. 
The original pulp before bleaching had an average brightness of 59.91 and a 72 
hour reversion of 20.92% and an 18 hour reversion of 5.23%. In the following section 




In this section the results of the experiment will be discussed and an explanation of 
the theory behind the findings. The graphs in the discussion can be found in Appendix VI. 
Graph 1 and 2 show the average brightness that was achieved in each stage for the 
1 % and 3% sodium hydrosulfite charge. The unbleached pulp before bleaching had an 
average brightness of 59. 91. In the first stage of the control runs, there was an average 
gain of 4. 061 brightness points. In the second stage of the control runs, the average gain 
was 3. 1 points. Both gains are points above the unbleached average. There was a 
decrease in brightness after the second stage from the first stage. The reason behind this 
had two possible causes. The first reason why a loss in brightness may have occurred is 
the amount of residual or unused bleaching agent left in the pulp. The average pH was 
3.33 in the final stage. This may have caused chemical burning of the pulp. The second 
cause for brightness loss may have been the loss of chemicals due to adverse reactions 
with the first stage chemicals that did not completely react. In Runs A, B, and C the 
average gain for the pulp brightness from the original unbleached pulp was 5.2 and 4.61 
for the first and second stages of bleaching respectively. The causes for this may be due to 
the same as above. 
In Graph 2, the 3% run is evaluated in the same manner as the 15 run. The two 
control runs had an average brightness gain in the first and second stage of 4.6 and 6.07 
points. In Runs A, B, and C there was an average gain of 4.95 and 5.30 in the first and 
second stage respectively. Looking at both the control runs and the regular runs, the 
brightness increased slightly after the second stage. There was also a slight increase in the 
20 
3 % control run compared to the I% control run. The increase is only O. 5 3 9 points in the 
first stage. The second stage had a higher increase for the 3% of 2.97 points. The 
increase in brightness for the control and regular runs are due to the effect of washing. In 
the washing stage, the fines and some of the chromophoric groups are removed from the 
pulp. In the bleaching sequence, fines have been found to cause a reduction in brightness, 
this is because the fines react with the bleaching agent leaving less chemicals for the 
useable fibers to react with. Overall, there was not a large increase in brightness gain from 
I% to 3% charge. Of these two different charges, it would be more beneficial to bleach at 
1 % charge. This would decrease the amount of chemicals used and lower the cost of 
bleaching. 
In Graph 3 the brightness reversion in the 1 % runs are compared by the first and 
second stage. In the first stage, Control B had the lowest initial reversion of 15.43% of 
the 72 hour aging. However, Control B had the largest increase in reversion after the 
second stage. Theoretically, washing will increase your brightness after each stage, but it 
may also increase the reversion. The average reversion in the control runs were 16.53% 
and 22. 765% at 72 hours in the first and second stage respectively. In Runs A, B, and C 
the first stage reversion was 19.35% and the second stage reversion was 24.87% at 72 
hours of aging. The theory behind the increase in brightness reversion after washing is 
that sodium hydrosulfite forms a protective coating over the lignin. When the pulp is 
washed, the coating over the lignin is damaged or destroyed, exposing the lignin openly. 
This then allows for the lignin to react with ultra-violet light and oxygen to form 
chromophoric groups which cause the paper to yellow. 
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In Graph 4, the brightness reversion of the 3% run is viewed. The control runs 
had an average of20.98% and 22.93% reversion in the first and second stages 
respectively. The reversion in the first and second stage of Runs A, B, and C were 
23.46% and 24.01% respectively. Overall, the reversion was higher for the 3% runs as 
compared to the I% runs. The reason for the increase in brightness reversion are the same 
as for the I% runs. 
In Graphs 5 and 6 the brightness reversion for 72 hours of air drying in a 
conditioning room at 68 degrees Fahrenheit and 50% humidity are compared. An 
objective of this thesis was to determine how a company may achieve a 4% brightness 
reversion. This value is quite low and hard to obtain. One possibility of obtaining this low 
reversion is to age the paper in air. By doing so, all the brightness reversions were below 
2.5%. These values are inconsistent with the company's results and are to only be viewed 
as inconclusive evidence. Later in the discussion a more likely possibility will be covered. 
The whiteness indices are viewed in Graphs 7 and 8 for both runs. The 
whiteness index is calculated by the equation: 20 
WI = 4B- 3G 
B and G are the blue green reflectances measured on a colorimeter with respect to I 00% 
for absolute white. They are not tristimulus values. For a perfectly white material both 
the B and G values would be equal to I 00%, therefore, the whiteness index WI = I 00%. 20
In Graph 7 the highest whiteness index value was 9. 71 % in stage two of Control A. This 
value is slightly over ten times lower than a pure white sheet at 100%. This shows that 
sodium hydrosulfite alone can not make a pure white sheet without the addition of another 
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bleaching agent and/or coating. After the aging the whiteness indices dropped below zero. 
This is going in the opposite direction of what is needed. The aging of the paper in the 
oven severely changes the appearance of the sheet. This is the largest problem the paper 
industry has today with high yield pulps. The lowest whiteness index value after aging 
was in the final stage of Control B at -24.87%. 
The 3% run whiteness indices in Graph 8, had slightly better results. Before aging 
an index of 11.67% was obtained in the final stage of Run A. In the final stage of the 3% 
runs, the lowest index value was -24.13%, found in the first stage of Run C. The values 
found here were slightly better than the 1 % run. The reason for this may be credited to 
the amount of bleaching agent used. At a larger concentration the sodium hydrosulfite 
was able to stay in contact with more pulp fibers for a longer period of time. 
The yellowness indices are looked at in Graphs 9 and 10. The yellowness is a 
characteristic by which an object is judged to depart from a preferred white toward 
yellow. Yellowness may be thought of as the absence of blue or the absorption of the blue 
wavelength of light. 20 The yellowness indices which are intended to correlate with visual 
judgment of yellowness have been utilized extensively in the paper industry. The 
yellowness indices are generally used for newsprint grades. Often high yield pulps are 
used for this purpose due to their high tendency to yellow rapidly with age. It is also used 
to determine the amount of supercalender scorching that occurs. The equation for 
yellowness index is: 
20
YI= 100 (1 - B/G) 
A lower and more negative number shows that the pulp is going toward pure white or 
100% whiteness. In Graphs 9 and 10 the same trend occurs. The average yellowness 
index before aging is 23%. After aging the average yellowness index increases to 33%. 
During the aging process the pulp is going away from the whiteness and more toward 
yellow. This is caused by the formation of chrompohoric groups which cause brightness 
reversion. 
Looking at Graphs 11, the control runs from each of the two stages, 1% and 3% 
charge, are compared for brightness. The 1 % charge runs had a slightly lower average 
brightness when compared to the 3% charge. However, the 1 % charge bleaching stages 
had a lower brightness reversion than the 3% charge. 
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In Graph 12, the brightness of Runs A, B, and C are compared for the 1 % and 3% 
charges. In the first stage of bleaching, the 1 % charge had a higher brightness average, 
but the second stage of the bleaching for the 3% charge had the higher brightness. The 
results of Graphs 11 and 12 were also discussed earlier in Graphs 1 and 2. 
Graphs 13 and 14 give a brightness pad by brightness pad analysis for the reversion 
after 72 hours for the 1 % sodium hydrosulfite runs. The average reversion of the 
unbleached pulp was 20.91%. In the first stage of the control runs, the lowest reversion 
was 15. 4 3 % . This an increase of brightness that was not loss due to reversion compared 
to the unbleached pulp. In Runs A, B, and C the lowest reversion was 18.44% in the first 
stage. Here an increase in reversion can be seen. This increase in reversion could have 
been caused by the washing of the pulp. In the washing stage the protective coating the 
sodium hydrosulfite forms over the lignin is damaged or destroyed. In the second stage of 
the control runs the reversion was 17. 09% and in Runs A, B, and C it was 20. 70%. Here 
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the same effect as in the control stage can be seen by the increase in brightness reversion. 
Graphs 15 and 16 show the brightness pad by brightness pad analysis for reversion 
after 72 hours for the 3% runs. In the control runs, the lowest reversion achieved in the 
first stage was 20.44%. This value was 5% higher than the first stage reversion of the 1% 
run. The lowest reversion value for Runs A, B, and C in the first stage was 23 .15%. In 
the second stage of bleaching, the control runs and Runs A, B, and C had reversion values 
of 21.86% and 21.32%. Again a similar trend as found in Graphs 13 and 14 can be seen. 
The increase in reversion may be due to numerous factors, one being the effect of adverse 
washing. 
As discussed earlier, an objective of this thesis was to determine how a company 
may achieve a brightness reversion of only 4%. Today, TAPPI Standards list oven aging 
times of 18, 24, 48, and 72 hours. This thesis was done at the 72 hour time interval. It 
can be theorized that in the oven at a constant 105 degrees Celsius, the brightness 
reversion will be linear. If this is in fact true, then the values obtained at 72 hours will be 
greater than the values at 18 hours by a factor of 4. Now looking at the data that would 
be obtained after 18 hours of aging it is most likely that the brightness reversion of only 
4% is possible, but only after 18 hours of aging. 
The brightness reversion of the 1 % and 3 % runs after 18 hours of aging are in 
Graphs 17 and 18. In Graph 17, the reversion for the 1 % charge is examined. After the 
first stage the average reversion was 4.5%, but increased to 6.3% in the final stage. The 
theory behind the increase in reversion may be due to the effect of washing. 
Graph 18 shows the 18 hour reversion for the 3% charge sequences. In the first 
stage of bleaching, the average reversion was 5.5% and in the second stage it was 5.9%. 
The same theory behind Graph 17 applies to Graph 18. 
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The last four Graphs, 19, 20, 21, and 22 show the brightness pad by brightness pad 
reversion after 18 hours. In each of the four graphs, the same trends were predominant. 
The 1 % charge had a lower reversion than the 3% charge. The other trend was the 
increase in reversion after the second stage of bleaching. They also follow the same 
theory of washing having a role in the cause for the reversion increase. 
The study of brightness reversion has been going on for many years. Since the 
beginning, the cause for reversion has been linked to almost every component of wood 
and other additives in the paper. In this study, the true cause of reversion was not 
identified, but a strong base has been started to allow for further investigation in this area. 
During the experiment, there were a few problems that may also have been key factors in 
the results. The first is sodium hydrosulfite is a very reactive agent when introduced to 
oxygen in the air. The experimental design tried to eliminate this problem by the 
introduction of nitrogen in the system. On a laboratory scale sodium hydrosulfite is very 
difficult to use for this reason. This problem of sodium hydrosulfite oxidizing with oxygen 
may have caused a loss in chemical stability and caused an adverse reaction. Another 
problem with the use of sodium hydrosulfite is the formation of sulfur dioxide. This gas 
can cause many problems especially for the environment. The formation of this gas must 
as be reduced in some manner. Also, on a laboratory scale, the plastic bags used in the 
bleaching had some leaks in the seal. This may have allowed for the introduction of 
oxygen into the system during bleaching. When this occurs the sodium hydrosulfite will 
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rapidly oxidize and lose it's brightening power. These were the major concerns involved 
in this thesis and in following studies great precaution should be taken to stop the adverse 
reaction that may occur. 
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CONCLUSIONS 
There were three objectives involved in this thesis: determine the effect of washing 
on brightness reversion, conclude on the most productive and effective concentration of 
sodium hydrosulfite, and determine how a 4% brightness reversion may be achieved. 
The effect of washing varied in different stages. In order to have the most 
effective washing, it would be best in two stages. The first stage of washing should be 
turbulent. This will allow for the removal of fines from the pulp, which will waste 
bleaching chemicals, and not allow the brightness to achieve it's full potential. The second 
stage of washing should be done at low turbulence or agitation. This washing stage will 
remove the excess bleaching agents without damaging the theoretical protective coating 
the sodium hydrosulfite forms on the lignin. This will then allow for a lower brightness 
reversion and the effect of washing will be more beneficial. The washing that was done 
during the experiment was detrimental for two reasons. The first reason was due to the 
washing efficiency. During the experiment the washing was done by hand mixing the pulp 
and wash water. This leaves room for error by repeatability. The second reason may have 
been the introduction of heavy metal ions that were not sequestered by chelating agents or 
removed from the wash water. It has been found that heavy metal ions aid in the reversion 
of pulp. 
During the experiment two different charges were studied. Overall the 1% and 3% 
charges were very comparable. The 3% charge did not perform extremely better than the 
1 %. It has been concluded that a charge of 1 % sodium hydrosulfite would be the most 
beneficial and cost effective method. Also, alone sodium hydrosulfite is only capable of 
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obtaining brightness gains of 4 to 7 points. However, it had been studied that in 
conjunction with hydrogen peroxide in a two stage sequence, a brightness gain of 15 to 20 
points are possible. 
The last objective of the thesis was to determine how a 4% brightness reversion 
could be achieved. Trials for aging were done at 72 hours in an oven at 105 degrees 
Celsius and air dried in a conditioning room at 68 degrees Fahrenheit and 50% humidity. 
The reversion of the air dried pads were around 2.5%, while the pads that were aged in 
the oven for 72 hours were over 20% reversion. T APPi Standards list oven aging times 
of 24, 48, and 72 hours at 105 degrees Celsius. In another book printed by T APPi an 18 
hour oven aging time is noted. The amount of reversion should be linear according to the 
theory of constant aging in an oven at a constant temperature of 105 degrees Celsius. If 
the reversion has linearity, then the values at a 72 hour time interval will be 4 times 
greater than for 18 hours. Then by theory, the average brightness reversion will be 
between 4 - 5%. 
RECOMMENDATIONS 
This study on brightness reversion has provided a strong basis for further 
investigation in other areas. The effect of different types of washing on brightness 
reversion would be very beneficial in following this thesis. It has also left areas in the 
chemistry of wood and it's components to be studied even closer. The effects of 
brightness reversion and it's causes are not totally understood, even today. With this in 
mind there are many different ways to approach this menacing problem, which has 
hindered the advancement of high yield pulp into quality grades for many years. 
29 
LITERATURE CITED 
1. Smook, G. A., Handbook for Pulp & Paper Technologists, Agnus Wilde
Publication, Vancouver, B.C., 2nd edn., 1992, pg. 183.
30 
2. Singh, Rudra P., The Bleaching of Pulp. TAPP! PRESS, 3rd edn. revised,
1979, pg. 9.
3. Kindron, Robert R., The Bleaching ofMechanical Pulps. Part I, Bleaching
Theory, 1990, pg. 2.
4. Smook, G. A., Handbook for Pulp & Paper Technologists, Agnus Wilde
Publication, Vancouver, B.C., 2nd edn., 1992, pg. 184.
5. Singh, Rudra P., The Bleaching of Pulp. TAPP! PRESS, 3rd edn. revised,
1979, pg. 5.
6. Singh, Rudra P., The Bleaching of Pulp. TAPP! PRESS, 3rd edn. revised,
1979, pg. 6.
7. Virginia Chemical Inc, a Celenase Company, Technical Data, Norfolk,
Virginia, pg. I .
8. Virginia Chemical Inc, a Celenase Company, Technical Data, Norfolk,
Virginia, pg.15.
9. Virginia Chemical Inc, a Celenase Company, Technical Data, Norfolk,
Virginia, pg.2.
10. Yankowski, A. A., in The Mechanical Pulping Manual, E. H. Johnson,
editor, 1906, TAPPI PRESS, New York, pg. 79.
11. Shriver, Ellsworth, Supplemental Literature ,"Wood and Lignin
Chemistry", I 994, pg. 230
12. Kindron, Robert R., The Bleaching of Mechanical Pulps, Part II, Bleaching
Technology, 1990, pg. 4.
13. American Paper Institute, Inc., The Dictionary of Paper, American Paper
Institute, Inc., New York, New York, 1980, pg. 56.
14. Kindron, Robert R., The Bleaching of Mechanical Pulps, Part I, Bleaching
Theory, 1990, pg. 5.
15. Sjostrom, Eero, Wood Chemistry: Fundamentals and Applications,
Academic Press, Inc., 2nd edn., 1993, pg. 201.
31 
16. Singh, Rudra P., The Bleaching of Pulp, TAPP! PRESS, 3rd edn. revised,
1979, pg. 27.
17. Ducey, M. J., Chemical Helping Mechanical Pulp Popularity, Pulp and
Paper, 62, no.6, June 1988, pg.39.
18. T embec Corporation, Canada, Technical Data
19. Virginia Chemicals Inc., a Celenase Company, Regular Laboratory
Procedures, 1994.
20. Technidyne Corporation, Measurement and Control of the Optical
Properties of Paper, New Albany, Indiana, pg. 15.
32 
APPENDIX I 
Variables Effecting Sodium Hydrosulfite Bleaching 
Variables affecting Hydrosulfite Brightening 
Pulpwood Quality 
* species
* condition (e.g. rot, and heartwood content)
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NUMBER 10 RU.EBER STOPPER 
WIRED TO IRON RING 
SUPPORT 
500 Ml E=il.ENMEYER FLASK 














1000 Grams Pulp at 5% moisture 
1000/.95 
1000 Grams 0.0. at 6.7 % Consistency 
1000/0.067 
======= 1052.632 Grams of Pulp 
======= 13157 .89 Grams of Pulp 
Percent Sodium Hydrosulfite is Calculated on an Oven Dry Basis of Fiber 
1000 Grams of Pulp at 6.7 % Consistency 
1000x0.67 
67 Grams 0.0. Pulp in 1% Sodium hydrosulfite 
67x0.01 







67.00 Grams 0.0. Pulp 
0.67 Grams Sodium Hydrosulfite 
67.00 Milliliters of Sodium Hydrosulfite 
After the First Stage of Bleaching 500 Grams of Pulp are Removed 
500 Grams Pulp at 6.7 % Consistency 
500x0.67 
33.50 Grams 0.0. Pulp in 1 % Sodium Hydrosulfite 
33.50x0.01 








33.50 Grams of Pulp 0.0. 
0.335 Grams of Sodium Hydrosulfite 
33.50 Milliliters Sodium Hydrosulfite 
The Calculation are the same for the 3% Bleaching Runs Except the 0.01 is changed to 0.03 
but the solution is still made at 1 % so you still divide by 0.01 
Calculation for the Bleaching Liquor 
The bleaching Solution was made at 1 % 
A 3 liter flask was used for storage of the solution 
1980 Milliters of Distilled Water was Heat in the Water Bath 
After heating 20 Grams of Sodium Hydrosulfite Was Weighed 
These 20 Grams were then added to the heated water and mixed by swirling 
the flask with a rubber stopper in it 
20 Grams Sodium Hydrosulfite in 1980 Milliliters of Water 
20/(1980 + 20) 






1% Sodium Hydrosulfite Control A 
Pad 1 Pad 1 
Before After 
Bnghtness 64.41 52.32 
Brightness 64.47 53.17 
Brightness 64.08 52.57 
Brightness 63.64 52.46 
Brightness 64.32 52.47 
Brightness 64.39 53.31 
Bnghtness 64.28 52.65 
Bnghtness 63.87 52.96 
Brightness 61.18 53.11 
Brightness 64.04 52.95 
Average 64.17 52.80 
STDV 0.25 0.32 
Color Analysis 
Pad 1 Pad 1 
Before After 
Brightness 64.36 53.01 
R(X) 86.90 80.91 
RM 82.72 74.52 
R(Z) 63.34 52.16 
X 80.50 73.60 
y 82.72 74.52 
z 74.80 61.60 
L 90.95 86.33 
a -1.18 1.10 
b 14.90 18.11 
DWL 576.14 578.23 
PUR 15.92 21.32 
LUM 82.72 74.52 
WH 5.18 -14.91 
YEL 23.43 30.00 
CIEWH 7.14 -24.49 
CIETINT -7.78 -15.45 
1% Sodium Hydrosulfite Control A 
Pad 6 Pad 6 
Before After 
Brightness 65.10 63.73 
Brightness 65.40 64.27 
Brightness 64.57 64.51 
Brightness 64.59 64.02 
Brightness 65.03 64.23 
Brightness 64.81 63.71 
Brightness 65.07 63.64 
Brightness 64.97 64.36 
Brightness 63.73 64.09 
Brightness 64.96 64.23 
Average 64.82 64.08 
STDV 0.43 0.28 
Color Analysis 
Pad 6 Pad 6 
Before After 
Bnghtness 64.89 64.32 
R(X) 87.29 85.88 
RM 83.21 81.96 
R(Z) 63.88 63.31 
X 80.91 79.69 
y 83.21 81.96 
z 75.44 74.77 
L 91.22 90.53 
a -1.30 -1 29 
b 14.81 14.40
OWL 576.00 575.98 
PUR 15.74 15.39 
LUM 83.21 81.96 
WH 5.90 7.36 
YEL 23.22 22.75 
CIEWH 8.33 8.75 
CIE TINT -7.46 -7.25 
Average Brightness 63.642 
Brightness Reversion 
e>.,en Aged 
1 st Stage Bleach 
Pad 2 Pad 2 Pad 3 
Before After Before 
62.95 53.75 63.40 
62.95 53.00 63.01 
63 03 53.39 63.17 
63.36 52.36 63.47 
63.85 53.18 62.99 
63.75 53.37 63.23 
64.20 53.07 63.13 
62.46 53.44 63.07 
63.12 54.09 63.13 
63.28 53.90 62.93 
63.29 53.36 63.15 
0.48 0.47 0.16 
Pad 2 Pad 2 Pad 3 
Before After Before 
63.34 54.56 63.33 
85.41 82.81 85.18 
81.50 76.42 81.26 
62.27 53.66 62.26 
79.12 75.38 78.94 
81.50 76.42 81.26 
73.54 63.37 73.53 
90.28 87.41 90.14 
-1.54 0.94 -1.44 
81.50 18.21 14.73 
575.76 578.10 575.85 
15.98 21.11 15.83 
81.50 76.42 81.26 
4.56 -14.61 5.27 
23.59 29.77 23.37 
5.28 -21.79 5.84 
-7.15 -14.98 -7.23 
1st Stage Bleach 
Pad 7 Pad 7 Pad 8 
Before After Before 
64.54 63.98 6406 
64.37 63.38 64.32 
64.37 63.14 64.40 
64.74 63.53 63.67 
64.80 62.89 64.14 
64 01 63.91 63.88 
64.70 63.68 64.34 
64.22 63.25 64.15 
64.34 63.91 63.39 
64.15 63 01 63.79 
64.42 63.47 64 01 
0.25 0.37 0.31 
Pad 7 Pad 7 Pad 8 
Before After Before 
64.47 63.75 63.87 
86.87 85.65 86.22 
82.80 81.61 82.17 
63.44 62.79 62.83 
80.49 79.41 79.86 
82.80 81.61 82.17 
74.93 74.16 74.20 
90.99 90.34 90.65 
-135 -1.19 -1 37 
14.87 14.56 14.92 
575.96 576.10 575.94 
15.85 15.63 15.96 
82.80 81.61 82.17 
5.35 6.33 4.80 
23.38 23.05 23.53 
7.38 7.35 6.19 
-7.44 -7.58 -7.46 
Pad 1 Pad 2 Pad 3 Pad 4 Pad 5 Average 












































































































































































































































































Pad 6 Pad 7 Pad 8 Pad 9 Pad 10 Average 
1.14 1.47 0.84 0.19 1.12 0.95 
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Appendix 















































































































































































































Pad 1 Pad 2 Pad 3 Pad 4 Average 
0.38 0.71 1.17 1.64 0.98 
Final Stage After Washing Air Aged 

























































































































































































































Pad 5 Pad 6 Pad 7 Pad B Average 




1% Sodium Hydrosullite Control B 1 st Stage Bleach Air Aged 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 Pad 3 Pad 4 Pad 4 Pad 5 Pad 5 
Before Alter Before After Before After Before After Before After 
Brightness 64.52 63.99 64.82 63.79 64.82 63.01 65.00 64.52 64.72 65.06 
Brightness 64.28 62.53 64.90 63.97 64.30 63.18 64.87 64.10 65.58 64.61 
Brightness 64.17 63.46 64.25 63.71 64.48 62.86 64.45 63.45 64.76 65.15 
Brightness 64.31 63.69 64.78 63.85 64.48 63.00 64.51 63.94 64.66 64.59 
Brightness 64.04 63.14 64.56 63.74 64.46 63.12 64.86 63.90 64.84 64.41 
Bnghtness 64.19 64.13 64.96 63.23 64.73 63.12 64.64 63.19 65.19 63.36 
Brightness 64.26 63.56 64.92 63.89 64.23 63.41 64.33 63.16 64.78 63.70 
Brightness 63.78 63.71 64.64 63.76 64.40 63.46 64.77 64.19 64.93 64.64 
Brightness 64.09 63.23 64.45 63.58 64.49 62.98 64.44 63.57 65.28 64.45 
Brightness 63.81 62.75 64.87 63.56 64.59 62.99 64.47 63.36 64.94 63.90 
Average 64.14 63.42 64.71 63.71 64.50 63.11 64.63 63.74 64.97 64.39 
STDV 0.21 0.48 0.22 0.20 0.16 0.18 0.21 0.43 ·0.27 0.54 
Color Analysis 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 Pad 3 Pad 4 Pad 4 Pad 5 Pad 5 
Before Alter Before After Before After Before After Before After 
Brightness 63.88 63.63 64.80 63.11 64.28 63.04 64.65 63.50 64.95 63.30 
R(X) 86.87 86.06 86.83 85.09 85.18 83.78 86.65 85.04 86.99 85.29 
RM 82.67 82.00 82.84 81.15 81.42 80.05 82.59 81.10 82.86 81.24 
R(Z) 62.86 62.64 63.80 62.09 63.26 62.09 63.60 62.50 63.95 62.37 
X 80.38 79.70 80.54 78.84 79.13 77.81 80.35 78.87 80.69 79.04 
y 82.67 82.00 82.84 81.15 81.42 80.05 82.59 81.10 82.86 81.24 
z 74.24 73.98 75.35 73.33 74.71 73.33 75.11 73.81 75.52 73.66 
L 90.92 90.55 91.01 90.08 90.23 89.47 90.88 90.05 91.03 90.13 
a -1.32 -1.35 -1.32 -1.42 -1.37 -1.32 -1.21 -1.26 -1.07 -1.20 
b 15.23 14.95 14.62 14.79 14 07 14.03 14.61 14.44 14.52 14.64 
OWL 576.02 575.96 575.97 575.88 575.86 575.91 576.08 576.02 576.22 576.09 
PUR 16.29 16.02 15.55 15.91 15.08 15.14 15.58 15.53 15.48 15.76 
LUM 82.67 82.00 82.84 81.15 81.42 80.05 82.59 81.10 82.86 81.24 
WH 3.44 4.56 6.71 4.93 8.77 8.20 6.64 6.67 7.20 5.75 
YEL 23.95 23.60 22.97 23.48 22.30 22.43 22.98 22.94 22.82 23.22 
CIEWH 5.21 5.77 8.86 5.36 9.78 7.95 8.57 7.24 9.43 6.38 
CIETINT -7.75 -7.52 -7.31 -7.31 -6.89 -7.01 -7.51 -7.38 -7.70 -7.63 
1% Sodium Hydrosullite Control B 1 st Stage Bleach 0\/enAged 
Pad 6 Pad6 Pad 7 Pad 7 Pad 8 Pad 8 Pad 9 Pad 9 Pad 10 Pad 10 
Before After Before After Before After Before After Before After 
Brightness 62.80 53.20 63.85 53.25 64.97 54.34 64.45 55.55 64.48 54.20 
Brightness 63.64 53.79 63.62 50.79 63.96 55.19 63.32 55.30 64.08 54.19 
Brightness 63.45 52.54 63.60 51.52 64.26 55.82 64.22 54.50 63.72 54.55 
Brightness 63.71 53.49 63.68 51.51 64.36 54.47 64.11 55.69 64.62 54.59 
Brightness 63.68 54.70 63.50 50.98 64.48 55.14 64.46 55.22 64.52 55.07 
Brightness 64.07 54.59 63.76 51.34 64.10 54.63 63.74 53.64 64.29 54.64 
Brightness 63.95 55.59 63.64 50.70 64.40 55.60 64.20 54.35 64.56 54.77 
Brightness 62.88 54.64 64.19 51.71 64.08 55.34 64.52 54.38 64.54 55.72 
Brightness 62.39 56.79 63.67 50.61 64.04 55.23 64.58 54.67 64.71 55.72 
Brightness 64.12 56.71 63.07 50.87 64.20 55.41 64.72 54.34 64.31 54.86 
Average 63.47 54.61 63.66 51.33 64.29 55.12 64.23 54.76 64.38 54.83 
STDV 0.55 1.35 0.26 0.73 0.27 0.46 0.40 0.61 0.28 0.51 
Color Analysis 
Pad 6 Pad6 Pad 7 Pad 7 Pad 8 Pad 8 Pad 9 Pad9 Pad 10 Pad 10 
Before After Before After Before After Before After Before After 
Brightness 63.71 57.80 64 07 51.06 64.31 55.72 64.23 54.60 64.44 55.78 
R(X) 85.24 85.05 85.69 79.47 86.86 83.18 85.93 82.14 86.01 82.55 
RM 81.49 79.32 81.86 73.34 82.74 77.25 82.11 76.02 82.18 76.98 
R(Z) 62.68 56.72 63.00 50.23 63.29 54.81 63.22 53.67 63.38 54.82 
X 79.07 77.74 79.49 72.09 80.46 75.90 79.71 74.86 79.81 75.41 
81.49 79.32 81.86 73.34 82.74 77.25 82.11 76.02 82.18 76.98 
z 74.03 66.99 74.41 59.33 74.74 64.74 74.67 63.39 74.86 64.74 
L 90.27 89.06 90.47 85.64 90.96 87.89 90.61 87.19 90.65 87.73 
a -1.63 -0.03 -1.51 0.38 -1.29 0.34 -1.54 0.67 -1.48 -0.11 
b 14.57 17.74 14.57 18.87 14.95 17.85 14.57 17.92 14.49 17.66 
OWL 575.64 577.29 575.76 577.64 576.03 577.63 575.73 577.90 575.79 577.23 
PUR 15.57 20.01 15.56 22.39 15.96 20.42 15.53 20.76 15.44 20.23 
LUM 81.49 79.32 81.86 73.34 82.74 77.25 82.11 76.02 82.18 76.98 
WH 6.25 -11.05 6.44 -19.08 4.92 -12.47 6.56 -13.35 7.00 -11.65 
YEL 23.08 28.48 23.03 31.50 23.51 29.03 23.00 29.39 22.86 28.78 
CIEWH 7.09 -14.29 7.65 -31.43 6.86 -18.34 8.00 -20.81 8.54 -17.75 
CIE TINT -6.74 -12.36 -6.95 -14.73 -7.60 -13.39 -6.88 -14.25 -6.94 -12.36 
Average Brightness 64.30 
Brightness Reversion 
Air Aged Oven Aged 
Pad 1 Pad 2 Pad 3 Pad 4 Pad 5 Average Pad6 Pad7 Pad 8 Pad 9 Pad 10 Average 
1.12 1.55 2.16 1.38 0.89 1.42 13.96 19.37 14.26 14.74 14.83 15.43 
Appendix 
1% Sodium Hydrosulfite Control B Final Stage After Washing Oven Aged 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 Pad 3 Pad 4 Pad 4 Pad 5 Pad 5 
Before Alter Before Alter Before Alter Before Alter Before Alter 
Bnghtness 63.58 44.98 65.00 43.59 65.10 45.33 64.04 47.47 64.36 46.60 
Brightness 63.85 44.83 63.56 44.88 64.99 46.37 64.04 46.54 64.08 45.61 
Brightness 64.40 44.20 63.83 44.95 64.30 46.42 63.92 46.32 64.36 47.81 
Brightness 64.24 44.96 64.06 44.97 64.40 46.46 63.64 46.99 63.36 48.64 
Brightness 63.59 45.78 64.56 42.67 64.60 47,30 63.32 45.89 64.40 48.05 
Brightness 64.02 44.26 63.93 42.83 64.67 46.46 64.24 47.17 64.42 47.95 
Brightness 63.82 43.82 64.39 43.66 64.41 46.21 63.83 46.80 64.03 47.33 
Brightness 64.05 44.32 63.88 44.89 64.19 46.48 64.02 47.51 64.18 48.09 
Brightness 65.25 43.93 64.08 44.78 64.79 45.99 63.91 47.30 63.13 48.49 
Brightness 64.86 45.42 63.74 43.53 64.62 46.51 63.61 47.41 63.64 46.69 
Average 64.17 44.65 64.10 44.08 64.61 46.35 63.86 46.94 64.00 47.51 
STDV 0.51 0.61 0.40 0.87 0.27 0.46 0.25 0.51 ·o.44 0.89 
Color Analysis 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 Pad 3 Pad 4 Pad 4 Pad5 Pad 5 
Before Alter Before Alter Before Alter Betore Alter Before Alter 
Brightness 64.29 45.67 64.41 44.75 64.08 46.83 64.33 47.67 64.18 46.96 
R(X) 85.08 75.25 85.40 73.64 86.03 75.75 85.92 78.55 86.24 76.90 
RM 81.31 68.44 81.62 66.70 81.93 68.94 81.99 71.37 82.26 69.92 
R(Z) 63.27 44.94 63.44 43.99 63.06 46.02 63.30 46.76 63.16 46.22 
X 79.06 67.74 79.35 66.29 79.77 68.35 79.72 70.69 79.95 69.28 
y 81.31 68.44 81.62 66.70 81.98 68.94 81.99 71.37 82.26 69.92 
z 74.72 53.08 74.93 51.95 74.48 54.35 74.75 55.23 74.59 54.59 
L 90.17 82.73 90.34 81.67 90.54 83.03 90.55 84.48 90.68 83.62 
a -1.30 1.39 -1.32 1.96 -1.19 1.64 -1.30 1.50 -1.37 1.57 
b 13.99 19.87 14.06 19.45 14.60 19.30 14.43 20.38 14.72 19.82 
OWL 575.93 578.35 575.91 578.78 576.10 578.56 575.97 578.40 575.92 578.48 
PUR 14.96 24.87 15.08 24.75 15.64 24.02 15.42 25.01 15.72 24.54 
LUM 81.31 68.44 81.62 66.70 81.98 68.94 81.99 71.37 82.26 69.92 
WH 9.14 -25.54 8.92 -24.16 6.32 -22.71 7.21 -27.07 5.87 -24.85 
YEL 22.18 34.33 22.26 34.05 23 07 33.23 22.79 34.48 23.21 33.88 
CIEWH 10.09 -46.86 10.12 -47.39 7.67 -42.11 8.63 -44.48 7.42 -43.63 
CIE TINT -6.96 -18.38 -6.97 -19.51 -7.58 -18.33 -7.25 -18.63 -7.30 -18.49 





































































































Pad 1 Pad 2 Pad 3 Pad 4 Pad 5 Average 






































































































































Pad 6 Pad 7 Pad 8 Pad 9 Pad 10 Average 
0.12 0.62 0.20 1.04 0.92 0.58 
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Pad 1 Pad 2 Pad 3 Pad 4 Pad 5 Average 






































































































































Pad 6 Pad 7 Pad 8 Pad 9 Pad 10 Average 




1% Sodium Hydrosulfite Run A Final Stage After Washing OWnAged 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 Pad 3 Pad 4 Pad 4 Pad 5 Pad 5 
Before After Before After Before After Before After Before After 
Brightness 65.12 46.40 65.28 46.27 65.11 48.11 65.58 49.02 66.48 49.31 
Brightness 65.23 45.02 64.80 45.73 65.16 48.78 65.38 48.43 65.83 49.94 
Brightness 64.50 44.34 65.12 45.12 65.08 49.09 66.01 48.17 66.19 49.41 
Brightness 64.74 45.25 65.65 46.43 65.00 45.98 65.69 47.04 66.79 49.27 
Brightness 64.34 46.95 65.35 46.38 64.61 48.58 65.78 48.74 66.18 48.93 
Brightness 64.62 45.11 66.13 48.56 64.72 47.84 65.67 49.38 65.94 49.81 
Brightness 64.52 45.69 65.50 46.99 64.88 48.04 65.18 49.16 66.06 48.84 
Brightness 65.42 45.93 65.46 48.23 65.09 49.24 65.33 49.97 66.25 49.74 
Brightness 64.89 46.20 65.87 47.48 65.05 48.16 65.97 50.07 66.33 49.50 
Brightness 65.46 46.05 66.13 48.22 65.11 49.20 65.27 50.57 66.42 49.33 
Average 64.88 45.69 65.53 46.94 64.98 48.30 65.59 49.05 66.25 49.42 
STDV 0.38 0.73 0.40 1.09 0.17 0.91 0.27 0.97 0.26 0.32 
Color Analysis 
Pad 1 Pad 1 Pad 2 Pad 2 Pad3 Pad 3 Pad 4 Pad 4 Pad5 Pad5 
Before After Before After Before After Before After Before After 
Brightness 65.60 45.96 65.99 48.20 65.22 49.46 66.21 51.02 66.56 50.05 
R(X) 87.16 75.49 87.75 77.55 86.49 78.38 88.13 79.91 87.81 79.07 
R(Y) 83.40 68.58 84.02 70.77 82.75 71.65 84.29 73.29 84.14 72.38 
R(Z) 64.50 45.18 64.90 47.32 64.15 48.60 65.13 50.12 65.48 49.22 
X 80.93 67.98 81.47 70.01 80.34 70.92 81.81 72.41 81.63 71.58 
y 83.40 68.58 84 02 70.77 82.75 71.65 84.29 73.29 84.14 72.38 
z 76.18 53.35 76.64 55.89 75.76 57.39 76.92 59.19 77.33 58.13 
L 91.32 82.81 91.66 84.12 90.97 84.65 91.81 85.61 91.73 85.07 
a -1.63 1.59 -1.74 1.35 -1.55 1.40 -1.60 1.17 -1.67 1.29 
b 14.46 19.77 14.58 19.49 14.30 19.05 14.59 18.92 14.22 19.03 
DWL 575.63 578.50 575.52 578.34 575.69 578.40 575.67 578.24 575.55 578.32 
PUR 15.25 24.74 15.31 23.87 15.14 23.11 15.32 22.61 14.89 22.94 
LUM 83.40 68.58 84.02 70.77 82.75 71.65 84.29 73.29 84.14 72.38 
WH 7.82 -25.03 7.54 -23.00 8.32 -20.57 7.66 -19.37 9.49 -20.24 
YEL 22.65 34.12 22.75 33.12 22.48 32.17 22.72 31.60 22.17 31.99 
CIEWH 10.51 -45.87 10.75 -39.93 10.46 -35.30 11.14 -31.71 12.91 -34.03 
CIETINT -6.59 -18.70 -6.43 -17.61 -6.65 -17.21 -6.69 -16.42 -6.30 -16.88 
1% Sodium Hydrosulfite Run A Final Stage After Washing Air Aged 
Pad 6 Pad6 Pad 7 Pad 7 Pad 8 Pad 8 Pad 9 Pad 9 Pad 10 Pad 10 
Before After Before After Before After Before After Before After 
Brightness 65.01 62.73 65.49 64.53 65.43 64.94 66.23 64.50 65.74 65.37 
Brightness 65.02 63.64 65.77 64.61 65.19 65.13 65.39 64.34 65.79 64.40 
Brightness 64.61 63.10 65.11 64.52 65.21 65.05 65.64 64.62 65.70 65.54 
Brightness 64.26 62.89 65.70 64.05 64.37 64.98 65.79 64.50 65.07 65.28 
Brightness 64.83 62.88 65.63 64.68 65.47 65.38 65.65 64.49 64.52 65.39 
Brightness 65.04 63.11 65.35 64.15 65.18 65.17 65.79 64.85 65.52 65.20 
Brightness 65.09 63.17 65.15 64.72 65.53 64.95 65.47 64.89 65.73 65.30 
Brightness 64.09 63.22 65.54 64.21 65.39 64.93 65.63 63.98 65.71 65.50 
Brightness 64.81 63.03 65.50 64.20 65.71 65.51 65.93 64.81 65.65 64.85 
Brightness 65.25 63.45 65.56 63.99 65.76 64.85 65.54 64.78 65.24 65.08 
Average 64.80 63.12 65.48 64.37 65.32 65.09 65.71 64.58 65.47 65.19 
STDV 0.35 0.25 0.20 0.25 0.37 0.20 0.23 0.26 0.38 0.32 
Color Analysis 
Pad 6 Pad 6 Pad 7 Pad 7 Pad 8 Pad 8 Pad 9 Pad 9 Pad 10 Pad 10 
Before After Before After Before After Before After Before After 
Bnghtness 65.53 62.82 65.60 65.06 66.00 64.88 66.18 64.75 65.78 65.40 
R(X) 86.85 83.45 86.34 85.35 87.46 86.29 87.78 86.04 87.22 86.57 
R(Y) 83.15 80.01 82.76 81.96 83.75 82.66 84.06 82.48 83.56 82.99 
R(Z) 64.42 61.78 64.53 64.01 64.94 63.82 65.10 63.72 64.68 64.43 
X 80.67 77.49 80.30 79.42 81.25 80.12 81.53 79.90 81.01 80.45 
y 83.15 80.01 82.76 81.96 83.75 82.66 84.06 82.48 83.56 82.99 
z 76.08 72.96 76.21 75.59 76.69 75.37 76.89 75.26 76.39 76.09 
L 91.18 89.44 90.97 90.53 91.51 90.91 91.68 90.82 91.41 91.10 
a -1.65 -1.89 -1.64 -1.85 -1.66 -1.80 -1.69 -1.90 -1.77 -1.77 
b 14.36 14.25 14.01 13.86 14.37 14.48 14.45 14.44 14.40 14.24 
DWL 575.59 575.32 575.55 575.31 575.57 575.45 575.56 575.34 575.47 575.44 
PUR 15.15 15.30 14.78 14.65 15.10 15.32 15.16 15.27 15.18 15.01 
LUM 83.15 80.01 82.76 81.96 83.75 82.66 84.06 82.48 83.56 82.99 
WH 8.24 7.08 9.84 10.14 8.50 7.30 8.24 7.45 8.05 8.75 
YEL 22.52 22.78 22.02 21.90 22.46 22.79 22.54 22.74 22.59 22.36 
CIEWH 10.72 6.61 12.07 11.66 11.52 9.26 11.53 9.24 10.87 11.10 
CIETINT -6.48 -6.08 -6.26 -5.80 -6.43 -6.31 -6.43 -6.10 -6.29 -6.17 
Average Brightness 65.40 
Brightness Reversion 
own Aged Air Aged 
Pad 1 Pad 2 Pad 3 Pad 4 Pad 5 Average Pad6 Pad 7 Pad8 Pad 9 Pad 10 Average 
29.58 28.37 25.67 25.22 25.40 26.85 2.59 1.70 0.35 1.72 0.43 1.36 
Appendix 
1% Sodium Hydrosulfite Run B 
Pad 1 Pad 1 
Before Alter 
Brightness 66.34 64.84 
Brightness 65.70 65.05 
Brightness 66.28 65.22 
Brightness 65.42 65.33 
Brightness 65.59 65.18 
Brightness 65.53 65.05 
Brightness 66.39 65.22 
Brightness 66.27 65.06 
Brightness 65.49 65.18 
Brightness 66.07 65.26 
Average 65.91 65.14 
STDV 0.37 0.13 
Color Analysis 
Pad 1 Pad 1 
Before Alter 
Brightness 65.93 65.56 
R{X) 68.56 88.27 
R{Y) 84.51 84.02 
R{Z) 64.86 64.54 
X 82.10 61.80 
y 84.51 84.02 




'NVL 575.86 576.21 
UR 15.73 15.74 
JM 84.51 84.02 
'H 5.91 6.11 
cl 23.25 23.17 
EWH 9.53 9.34 
::TINT -7.20 -7.62 



















































First Stage Bleach 
Pad 2 Pad 2 Pad 3 
Before Alter Before 
66.61 65.09 65.08 
65.99 65.31 64.35 
65.98 65.67 64.55 
65.01 64.66 63.69 
65.31 64.49 64.67 
65.14 64.98 64.82 
63.98 64.67 64.41 
64.61 64.85 63.85 
64.55 65.52 64.49 
65.14 65.68 64.23 
65.23 65.09 64.41 
0.74 0.41 0.39 
Pad 2 Pad 2 Pad 3 
Before Alter Before 
65.23 65.80 64.35 
67.40 88.10 86.15 
83.27 84.03 62.10 
64.22 64.78 63.31 
81.06 61.72 79.90 
83.27 84.03 82.10 
75.84 76.50 74.76 
91.25 91.66 90.16 
-1.14 -1.27 -1.15 
14.60 14.68 14.50 
576.16 576.02 576.13 
15.51 15.51 15.51 
83.27 84.03 82.10 
7.04 7.02 6.93 
22.86 22.90 22.86 
9.63 10.26 8.44 
-7.62 -7.38 -7.58 
1 st Stage Bleach 
Pad 7 Pad7 Pad 6 
Before Alter Before 
65.93 53.51 65.58 
65.65 52.90 65.32 
66.19 54.24 65.87 
66.27 53.72 65.56 
65.19 52.33 65.34 
65.03 53.26 65.49 
64.85 53.16 65.79 
65.39 52.32 65.70 
64.48 51.75 65.63 
64.94 51.05 65.61 
65.39 52.82 65.61 
0.57 0.91 0.17 
Pad 7 Pad7 Pad 8 
Before Alter Before 
65.55 53.29 65.31 
87.34 81.49 87.27 
83.29 75.37 83.24 
64.50 52.31 64.27 
81.07 74.08 80.97 
83.29 75.37 63.24 
76.18 61.78 75.91 
91.26 86.61 91.24 
-1.14 0.39 -1.25 
14.39 18.57 14.53 
576.13 577.66 576.03 
15.26 21.66 15.42 
83.29 75.37 83.24 
8.15 -16.84 7.36 
22.55 30.58 22.70 
10.81 -25.96 9.93 
-7.45 -14.29 -7.35 
d 2 Pad 3 Pad 4 Pad 5 Average 




































































Pad 4 Pad 4 Pad5 
Before Alter Before 
65.86 64.84 65.81 
65.80 64.33 65.54 
65.86 64.50 65.41 
65.86 64.57 65.66 
65.88 64.87 65.32 
65.87 64.92 65.49 
65.60 65.10 65.63 
65.04 64.91 65.72 
65.16 64.91 65.16 
65.14 64.72 65.44 
65.61 64.77 65.52 
0.33 0.22 0.16 
Pad 4 Pad4 Pad5 
Before Alter Before 
65.84 64.89 65.65 
88.05 87.55 87.15 
83.96 83.47 83.26 
64.78 63.90 64.60 
81.68 61.11 80.94 
83.96 83.47 83.26 
76.50 75.47 76.29 
91.63 91.36 91.24 
-1.24 -1.40 -1.33 
14.64 14.97 14.30 
576.05 575.92 575.92 
15.47 15.69 15.12 
83.96 93.47 83.26 
7.21 5.20 6.61 
22.85 23.44 22.41 
10.43 7.83 11.25 







































































































































Pad 6 Pad 7 Pad 8 Pad 9 Pad 10 Average 
17.67 19.22 21.16 21.14 24.36 20.75 
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Pad 1 Pad 2 Pad 3 
0.31 0.86 1.44 
RunB 





































































Pad 4 Pad 5 
0.67 0.40 
Final Stage After Washing 
Pad 2 Pad 3 Pad 3 Pad 4 
After Before After Before 
64.84 65.86 64.95 65.11 
64.84 65.75 64.48 64.30 
64.72 65.73 64.27 64.11 
64.30 64.52 63.80 64.36 
64.55 64.50 64.41 64.61 
64.93 66.01 63.96 64.83 
65.25 65.09 64.00 65.12 
64.72 65.33 64.57 65.34 
64.36 64.72 64.56 64.44 
65.10 64.95 64.11 64.28 
64.76 65.25 64.31 64.65 
0.28 0.54 0.33 0.40 
Pad 2 Pad 3 Pad 3 Pad 4 
Alter Before After Before 
64.97 65.84 64.67 65.09 
87.00 88.09 86.45 87.57 
82.98 84.18 82.55 83.54 
63.95 64.87 63.65 64.05 
80.70 81.73 80.21 81.16 
82.98 84.18 82.55 83.54 
75.53 76.61 75.17 75.65 
91.09 91.75 90.85 91.40 
-1.29 -1.55 -1.42 -1.43 
14.60 14.71 14.54 14.90 
576.00 575.74 575.86 575.88 
15.52 15.48 15.47 15.79 
82.98 84.18 82.55 83.54 
6.86 6.95 6.94 5.61 
22.93 22.93 22.89 23.32 
9.15 10.31 8.83 8.32 
-7.35 -6.88 -7.08 -7.26 
Final Stage After Washing 
Pad 7 Pad 8 Pad 8 Pad 9 
After Before Alter Before 
53.34 62.92 50.29 64.50 
52.61 62.97 50.33 64.22 
52.80 63.00 49.99 64.31 
52.79 63.33 50.56 64.67 
52.67 63.32 50.27 64.66 
52.85 63.14 51.08 64.39 
52.69 63.09 50.01 64.36 
52.94 62.71 48.52 64.69 
53.46 62.67 50.88 65.29 
52.16 63.00 50.15 64.63 
52.83 63.01 50.21 64.57 
0.34 0.21 0.65 0.28 
Pad 7 Pad 8 Pad 8 Pad9 
Alter Before Alter Before 
53.04 62.82 50.41 64.29 
81.93 84 01 79.05 86.85 
75.35 80.17 72.48 82.91 
52.13 61.82 48.52 63.32 
74.39 77 93 71.62 80.45 
75.35 80.17 72.48 82.91 
61.57 73 01 58.48 74.78 
86.80 89.54 85.13 91.05 
1.06 -1.33 1.19 -1.63 
18.70 14.33 18.86 15.08 
578.17 575.93 578.26 575.69 
21.95 15.48 22.67 15.98 
75.35 80.17 72.48 82.91 
-17.51 6.75 -19.35 4.55 
30.80 22.89 31.67 23.62 
-26.67 6.47 -32.77 6.58 
-15.76 -7.21 -16.51 -7.01 
Average Pad 6 Pad 7 





































































Pad 9 Pad 10 Pad 10 
Alter Before Alter 
54.44 64.82 47.73 
55.26 64.29 46.58 
52.88 64.35 46.47 
55.47 64.11 48.06 
55.11 64.70 47.47 
51.92 64.46 46.48 
55.49 64.58 46.86 
55.09 64.67 48.93 
54.99 63.83 49.88 
52.64 64.01 48.88 
54.33 64.38 47.73 
1.26 0.30 1.12 
Pad9 Pad 10 Pad 10 
Alter Before After 
53.92 64.89 49.06 
82.43 85.97 76.76 
76.13 82.22 70.23 
53.03 63.91 48.30 
74.96 79.98 69.59 
76.13 82.22 70.23 
62.63 75.48 57.04 
87.25 90.67 83.80 
0.65 -1.41 1.55 
18.52 14.11 18.30 
577.86 575.82 578.56 
21.51 15.00 22.38 
76.13 82.22 70.23 
-16.28 9.00 -17.48 
30.34 22.26 31.22 
-24.25 10.73 -33.23 
-14.68 -6.79 -17.08 
Oven Aged 
Pad 8 Pad9 Pad 10 





1% Sodium Hydrosulfite Rune 
Pad 1 Pad 1 
Before After 
Brightness 64.46 64.11 
Brightness 65.39 63.69 
Brightness 64.45 63.01 
Brightness 65.12 63.47 
Brightness 64.58 63.10 
Brightness 64.93 63.54 
Brightness 65.12 63.78 
Brightness 64.49 63.68 
Brightness 65.16 63.65 
Brightness 64.79 63.24 
Average 64.85 63.53 
STDV 0.32 0.31 
Color Analysis 
Pad 1 Pad 1 
Before After 
Brightness 64.91 63.91 
R(X) 87.59 85.37 
R(Y) 83.43 81.45 
R(Z) 63.94 62.89 
X 81.15 79.21 
y 83.43 81.45 
z 75.51 74.27 
L 91.34 90.25 
a -1.24 ·1.26 
b 14.92 14.37 
OWL 576.08 576.01 
PUR 15.85 15.41 
LUM 83.43 81.45 
WH 5.46 7.22 
YEL 23.36 22.78 
CIEWH 8.09 8.14 
CIETINT -7.64 -7.32 




































































First Stage Bleach 
Pad 2 Pad 2 Pad 3 
Before After Before 
65.38 64.16 65.04 
65.31 63.79 64.72 
65.28 63.68 64.73 
65.47 63.24 64.70 
65.25 62.94 64.74 
65.39 63.27 65.11 
65.00 63.61 64.71 
65.45 63.58 64.91 
65.11 64.19 65.38 
65.11 63.77 65.13 
65.27 63.62 64.92 
0.15 0.37 0.22 
Pad 2 Pad 2 Pad 3 
Before After Before 
65.18 63.88 65.00 
87.96 85.77 86.50 
83.71 81.73 82.52 
64.13 62.93 63.96 
81.48 79.53 80.31 
83.17 81.73 82.52 
75.74 74.32 75.54 
91.49 90.40 90.84 
·1.15 -1.18 ·1.16 
14.96 14.54 14.28 
576.17 576.11 576.11 
15.89 15.60 15.21 
83.17 81.73 82.52 
5.39 6.52 8.30 
23.38 23.00 22.48 
8.29 7.66 10.28 
-7.83 -7.57 -7.39 
First Stage Bleach 
Pad 7 Pad 7 Pad 8 
Before After Before 
65.20 55.38 64.01 
64.49 55.46 63.58 
64.32 55.66 64.29 
64.94 55.40 64.58 
64.33 55.02 64.05 
64.28 54.14 64.14 
63.73 53.21 64.33 
64.32 54.57 64.67 
64.46 55.84 64.36 
64.98 55.14 64.09 
64.50 54.98 64.21 
0.40 0.76 0.29 
Pad 7 Pad 7 Pad 8 
Before After Before 
65.17 55.23 64.17 
87.24 83.71 86.34 
83.14 77.16 82.32 
64.15 54.31 63.14 
80.92 76.21 80.02 
83.14 77.16 82.32 
75.76 64.14 74.56 
91.18 87.84 90.73 
-1.16 1.15 -1.34 
14.56 18.19 14.78 
576.13 578.26 575.96 
15.48 21.01 15.79 
83.14 77.16 82.32 
7.17 -14.22 5.59 
22.84 29.60 23.30 
9.65 -20.38 7.18 
-7.56 -15.30 -7.40 
Pad 1 Pad 2 Pad 3 Pad 4 Pad 5 Average 




































































Pad4 Pad 4 Pad 5 
Before After Before 
65.19 64.56 65.87 
65.06 64.01 64.91 
64.88 64.44 64.9 
65.15 63.61 65.07 
65.40 64.74 64.77 
65.76 64.17 65.23 
65.67 64.49 65.63 
64.95 63.71 65.15 
64.53 64.66 65.47 
65.23 63.49 65.21 
65.18 64.19 65.22 
0.23 0.43 . 0.32 
Pad 4 Pad 4 Pad5 
Before After Before 
65.00 64.63 64.92 
87.05 86.35 87.51 
83.03 82.4 83.35 
63.96 63.64 63.9 
80.74 80.12 81.09 
83.03 82.4 83.35 
75.54 75.16 75.47 
91.12 90.77 91.29 
-1.30 -1.29 -1.22 
14.63 14.44 14.89 
575.99 575.98 576.09 
15.55 15.39 15.83 
83.03 82.4 83.35 
6.75 7.38 5.56 
22.96 22.76 23.32 
9.08 9.17 8.12 







































































































































Pad 6 Pad 7 Pad 8 Pad 9 Pad 10 Average 
20.36 14.76 19.56 17.88 19.57 18.43 
49 
Appendix 
1% Sodium Hydrosuffite Rune Final Stage After Washing Oven Aging 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 Pad 3 Pad 4 Pad 4 Pad5 Pad5 
Before After Before After Before After Before After Before After 
Brightness 63.39 42.55 64.12 45.97 64.60 46.67 64.21 46.26 63.57 47.10 
Brightness 63.16 41.65 63.72 45.76 63.88 46.88 63.38 46.85 63.96 46.91 
Brightness 63.26 44.01 64.43 46.26 64.49 46.77 63.14 46.46 63.16 47.36 
Brightness 63.45 42.67 63.60 46.49 64.30 47.32 64.30 47.70 64.23 47.50 
Brightness 63.04 43.94 64.45 46.19 64.39 47.90 64.06 48.05 64.07 47.43 
Brightness 62.71 44.32 63.39 45.95 63.86 47.10 64.55 48.24 64.24 47.33 
Brightness 62.82 43.78 64.07 47.20 64.47 46.39 64.35 48.02 63.87 47.50 
Brightness 62.72 43.41 63.72 47.83 64.76 46.61 64.15 48.32 63.69 47.76 
Brightness 63.27 42.10 64.12 47.99 64.50 46.75 64.35 48.74 62.26 47.35 
Brightness 63.15 43.23 64.14 48.13 64.16 47.29 63.89 48.77 63.24 47.31 
Average 63.10 43.17 63.97 46.78 64.34 46.97 64.04 47.74 63.63 47.36 
STDV 0.25 0.84 0.33 0.87 0.28 0.41 0.42 0.86 0.57 0.21 
Color Analysis 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 Pad 3 Pad 4 Pad 4 Pad5 Pad 5 
Before After Before After Before After Before After Before After 
Brightness 63.33 43.46 64.32 48.07 64.80 47.84 64.42 48.96 62.86 47.73 
R(X) 85.20 74.00 86.06 n.21 86.85 78.11 86.66 78.32 85.01 n.05
R(Y) 81.07 66.74 82.01 70.49 82.76 71.16 82.49 71.32 80.94 70.31 
R(Z) 62.33 42.67 63.34 47.30 63.77 47.05 63.39 48.14 61.88 46.88 
X 78.97 66.32 79.84 69.75 80.54 70.40 80.32 70.78 78.73 69.54 
y 81.07 66.74 82.01 70.49 82.76 71.16 82.49 71.55 80.94 70.31 
z 73.61 50.39 74.80 55.86 75.31 55.57 74.86 56.85 73.09 55.37 
L 90.04 81.69 90.56 83.96 90.97 84.35 90.82 84.58 89.96 83.85 
a -1.01 1.94 -1.11 1.34 -1.16 1.34 -1.08 1.33 -1.23 1.28 
b 14.55 20.60 14.41 19.32 14.59 19.99 14.70 19.36 14.81 19.54 
OWL 576.29 578.69 576.16 578.34 576.13 578.31 576.23 578.33 576.08 578.29 
PUR 15.71 26.40 15.43 23.70 15.56 24.49 15.72 23.54 15.99 24.02 
LUM 81.07 66.74 82.01 70.49 82.76 71.16 82.49 71.55 80.94 70.31 
WH 6.10 -29.52 7.32 -22.29 6.78 -25.27 6.09 -22.09 4.72 -23.41 
YEL 23.11 36.05 22.76 32.90 22.94 33.88 23.15 32.71 23.54 33.32 
CIEWH 6.62 -55.10 8.78 -39.37 8.89 -42.42 7.91 -37.60 4.97 -41.15
CIETINT -7.94 -20.54 -7.59 -17.49 -7.59 -17.97 -7.84 -17.35 -7.71 -17.57 















































































63.56 63 02 
63.64 62.98 
0.24 0.20 



















Pad 1 Pad 2 Pad 3 Pad 4 Pad 5 Average 
31.58 26.87 27.00 25.45 25.57 27.30 

































Pad 9 Pad 9 Pad 10 Pad 10 
Before After Before After 
64.44 63.44 63.66 62.94 
63.97 63.47 63.23 63.89 
63.96 63.78 62.38 63.75 
63.37 63.44 63.10 63.07 
63.85 63.09 63.04 62.68 
63.41 63.39 63.77 63.63 
63.66 63.30 63.34 62.78 
63.48 63.10 63.35 62.98 
64.10 63.63 62.97 62.99 
63.58 63.45 62.89 62.75 
63.78 63.41 63.17 63.15 



























































Pad 6 Pad 7 Pad 8 Pad 9 Pad 10 Average 
043 1.04 036 058 oro 049 
50 
Appendix 
3% Sodium Hydrosulfite Control A 
Pad 1 Pad 1 
Before After 
Brightness 65.01 50.72 
Brightness 64.81 50.41 
Brightness 64.70 50.45 
Brightness 64.82 50.44 
Brightness 64.83 50.56 
Brightness 64.95 50.59 
Brightness 64.94 50.81 
Brightness 64.96 50.17 
Brightness 64.39 50.82 
Brightness 64.47 50.86 
Average 64.79 50.58 
STDV 0.19 0.21 
Color Analysis 
Pad 1 Pad 1 
Before After 
Brightness 64.93 51.05 
R(X) 85.13 77.60 
R(Y) 81.63 71.71 
R(Z) 63.94 50.20 
X 79.23 70.62 
y 81.63 71.71 
z 75.52 59.29 
L 90.35 64.68 
a -1.57 0.68 
b 13.68 17.76 
OWL 575.59 577.91 
PUR 14.52 21.23 
LUM 81.63 71.71 
WH 10.88 -14.29 
YEL 21.66 29.98 
CIEWH 12.20 -27.31 
CIE TINT -6.21 -14.60 




































































First Stage Bleach 
Pad 2 Pad 2 Pad 3 
Before After Before 
63.69 50.58 62.19 
62.63 50.86 62.52 
63.10 50.97 62.26 
62.52 49.93 62.13 
63.44 48.46 62.21 
63.02 50 47 62.10 
63.33 50.63 62.16 
63.58 51.02 62.07 
62.70 50.26 62.33 
62.46 51.18 62.15 
63.05 50.44 62.21 
0.43 0.74 0.12 
Pad 2 Pad 2 Pad 3 
Before After Before 
62.38 50.93 62.25 
83.49 78.66 83.75 
79.97 72.96 80.15 
61.33 50.05 61.19 
77.44 71.42 77.61 
79.97 72.96 80.15 
72.43 59.11 72.26 
89.42 85.41 89.53 
-1.91 -0.22 -1.93 
14.57 18.76 14.81 
575.33 577.15 575.35 
15.69 22.30 15.95 
79.97 72.96 80.15 
5.42 -18.67 4.29 
23.30 31.39 23.65 
4.73 -31.55 3.66 
-6.26 -13.43 -6.40 
1 st Stage Bleach 
Pad 7 Pad 7 Pad 8 
Before Alter Before 
63.93 63.38 64.08 
63.97 63.36 64.45 
63.95 63.20 64.50 
63.71 63.32 63.95 
63.38 63.10 63.92 
63.65 62.72 64.04 
63.89 63.02 64.04 
63.27 63.28 64.13 
63.57 62.75 63.97 
63.73 63.12 64.05 
63.70 63.12 64.11 
0.23 0.22 0.19 
Pad 7 Pad 7 Pad 8 
Before After Before 
63.80 62.81 64.11 
64.80 64.42 85.26 
81.33 80.64 81.83 
62.71 61.76 63.04 
78.73 78.25 79.16 
81.33 80.64 81.83 
74.07 72.94 74.45 
90.18 89.91 90.46 
-1.99 -1.99 -2.10 
14.43 14.83 14.52 
575.24 575.29 575.13 
15.36 15.90 15.40 
81.33 80.64 81.83 
6.86 4.52 6.66 
22.89 23.60 22.96 
7.56 4.55 7.78 
-5.96 -6.27 -5.79 
Pad 1 Pad 2 Pad 3 Pad 4 Pad 5 Average 












































































































































































































































































Pad 6 Pad 7 Pad 8 Pad 9 Pad 10 Average 
0.49 0.91 2.21 0.17 0.25 0.81 
51 
Appendix 
3% Sodium Hydrosulfite Control A Final Stage After Washing Oven Aged 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 
Before Alter Before After Before 
Brightness 62.99 51.91 65.72 49.18 66.02 
Brightness 64.13 51.91 65.80 49.12 65.46 
Brightness 64.48 51.53 65.34 49.32 65.37 
Brightness 64.20 51.77 66.04 49.08 65.34 
Brightness 64.58 50.08 65.66 49.44 65.62 
Brightness 64.00 51.39 65.62 48.87 65.19 
Brightness 64.99 50.25 65.80 48.78 65.41 
Brightness 65.03 51.80 65.79 49.44 65.17 
Brightness 64.85 51.99 65.32 49.14 65.28 
Brightness 63.63 51.96 66.02 49.18 65.47 
Average 64.29 51.46 65.71 49.16 65.43 
STDV 0.60 0.67 0.22 0.20 0.23 
Color Analysis 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 
Before Alter Before After Before 
Brightness 65.00 52.03 66.08 48.87 65.34 
R(X) 85.98 78.97 86.73 75.58 85.83 
R(Y) 82.39 73.37 83.16 69.68 82.22 
R(Z) 63.94 51.08 65.07 48.02 64.29 
X 79.89 71.87 80.71 68.61 79.85 
y 82.39 73.37 83.16 69.68 82.22 
z 75.51 60.33 76.85 56.72 75.93 
L 00.77 85.66 91.19 83.47 00.67 
a -1.73 -0.14 -1.62 0.64 -1 48 
b 14.21 18.20 13.87 18.14 13.81 
OWL 575.49 577.21 575.57 577.86 575.71 
PUR 15.04 21.49 14.59 22.10 14.64 
LUM 82.39 73.37 83.16 69.68 82.22 
WH 8.58 -15.78 10.78 -16.93 10.53 
YEL 22.39 30.37 21.75 31.07 21.79 
CIEWH 10.40 -27.28 13.41 -33.42 12.34 
CIETINT -6.26 -13.09 -6.20 -15.09 -6.45 



































































































12 02 11.99 
-5.87 -6.09 
Pad 1 Pad 2 Pad 3 Pad 4 Pad 5 Average 




































































































-6. 11 -6.49 












48.60 · 64.94 
0.41 0.36 























































































































Pad 6 Pad 7 Pad 8 Pad 9 Pad 10 Average 
0.39 0.03 0.17 3.33 0.36 0.86 
52 
Appendix 




































































































































First Stage Bleach 
Pad 2 Pad 2 Pad 3 
Before After Before 
64.86 51.66 64.75 
64.60 51.66 64.25 
64.87 51.18 63.89 
64.39 52.25 64.36 
64.63 52.05 64.26 
65.26 51.29 64.06 
64.71 50.64 64.06 
64.77 51.43 64.11 
64.53 52.11 64.41 
64.65 51.65 63.99 
64.73 51.59 64.21 
0.22 0.46 0.23 
Pad 2 Pad 2 Pad 3 
Before After Before 
64.91 52.16 64.17 
85.57 78.99 84.67 
81.95 73.22 81.04 
63.88 51.30 63.20 
79.56 71.93 78.73 
81.95 73.22 81.04 
75.44 60.58 74.64 
90.52 85.57 90.02 
-1.53 0.29 -1.43 
13.95 17.91 13.85 
575.67 577.57 575.77 
14.81 21.22 14.81 
81.95 73.22 81.04 
9.69 -14.46 9.67 
22.04 29.93 22.01 
11.20 -28.70 10.41 
-6.46 -13.77 -6.63 
1 st Stage Bleach 
Pad7 Pad 7 Pad 8 
Before After Before 
66.17 64.70 66.30 
66.07 65.18 65.84 
65.72 64.52 66.24 
65.84 64.80 65.22 
65.96 65.06 66.13 
65.56 65.20 65.42 
65.74 64.77 65.73 
65.57 64.95 65.56 
66.18 65.10 65.67 
65.65 64.77 66.23 
65.85 64.90 65.83 
0.22 0.21 0.35 
Pad 7 Pad 7 Pad 8 
Before After Before 
65.71 65.10 66 03 
86.82 86.74 87.25 
83.16 82.93 83.52 
64.69 64.10 65.03 
80.70 80.53 81.11 
83.16 82.93 83.52 
76.40 75.71 76.81 
91.19 91.06 91.39 
-1.62 -1.52 -1 52 
14.16 14.45 14.14 
575.60 575.74 575.70 
14.93 15.30 14.89 
83.16 82.93 83.52 
9.26 7.63 9.56 
22.21 22.69 22.13 
11.81 9.89 12.46 
-6.40 -6.80 -6.56 
Pad 1 Pad 2 Pad 3 Pad 4 Pad 5 Average 
18.18 20.30 24.26 18.11 21.40 20.45 
Oven Aged 



































































Pad 4 Pad 5 Pad 5 
After Before After 
52.66 65.05 51.12 
53.55 64.60 50.51 
53.30 64.73 51.06 
53.19 64.64 48. 76 
53.03 64.46 50.51 
52.68 63.90 51.77 
53.67 63.81 50.76 
53.16 64.43 51.23 
53.35 64.97 49.83 
53.26 64.45 51.45 
53.19 64.50 50.70 
0.31 0.38 0.82 









































































































Pad 6 Pad 7 Pad 8 Pad 9 Pad 10 Average 




3% Sodium Hydrosulfite Control B Final Stage After Washing Oven Aged 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 Pad 3 Pad 4 Pad 4 Pad 5 Pad 5 
Before After Before After Before After Before After Before After 
Brightness 66.02 53.83 66.06 51.39 65.44 50.21 67.00 51.46 67.82 52.60 
Brightness 66.26 53.12 65.61 49.98 66.16 50.50 66.73 51.89 67.51 52.94 
Brightness 66.28 52.92 65.20 51.64 66.29 50.78 66.29 50.43 67.00 52.47 
Brightness 66.10 53.79 65.52 51.44 66.02 50.54 65.68 50.41 67.06 52.22 
Brightness 66.15 53.13 65.29 50.88 66.37 50.67 65.89 52.48 66.99 52.32 
Brightness 66.29 53.49 64.90 50.20 66.48 50.90 66.34 52.37 67.16 52.87 
Brightness 66.31 53.12 65.54 50.90 66.54 50.13 66.29 52.69 66.93 52.05 
Brightness 66.02 52.88 65.85 51.57 66.38 50.82 66.53 52.46 67.41 50.99 
Brightness 66.28 53.22 65.12 51.49 66.53 50.49 66.66 52.78 67.45 51.40 
Brightness 66.11 53.33 65.15 50.32 65.79 50.72 66.90 52.59 67.16 52.54 
Average 66.18 53.28 65.42 50.98 66.20 50.57 66.43 51.96 67.25 52.24 
STDV 0.10 0.31 0.33 0.58 0.33 0.24 0.39 0.85 0.27 0.58 
Color Analysis 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 Pad 3 Pad4 Pad 4 Pad 5 Pad5 
Before After Before After Before After Before After Before After 
Brightness 66.09 53.51 65.17 50.74 66.11 50.87 66.79 52.54 67.55 52.21 
R(X) 87.27 80.50 85.85 79.04 87.17 79.25 87.39 80.73 88.43 79.63 
R(Y) 83.61 74.67 82.36 72.96 83.67 73.16 83.89 74.64 84.86 73.86 
R(Z) 65.07 52.61 64.16 49.85 65.06 49.96 65.70 51.66 66.51 51.31 
X 81.13 73.37 79.84 71.86 81.05 71.86 81.35 73.36 82.32 72.43 
y 83.61 74.67 82.36 72.96 83.67 73.16 83.89 74.64 84.86 73.86 
z 76.85 62.13 75.77 58.88 76.84 59.00 77.60 61.01 78.55 60.60 
L 91.44 86.41 90.75 85.41 91.47 85.53 91.59 86.39 92.12 85.94 
a -1.64 0.34 -1.77 0.31 -1.91 0.28 -1.74 0.37 -1.69 0.04 
b 14.18 17.85 14.02 18.92 14.22 18.97 13.88 18.61 13.92 18.35 
OWL 575.57 577.63 575.41 577.57 575.29 577.54 575.43 577.64 575.49 577.35 
PUR 14.89 20.82 14.81 22.61 14.89 22.64 14.50 21.84 14.47 21.65 
LUM 83.61 74.67 82.36 72.96 83.67 73.16 83.89 74.64 84.86 73.86 
WH 9.43 -13.55 9.55 -19.46 9.23 -19.65 11.15 -17.29 11.46 -16.34 
YEL 22.17 29.53 22.09 31.66 22.24 31.71 21.67 30.79 21.62 30.53 
CIEWH 12.39 -22.76 11.39 -32.45 12.19 -32.43 14.41 -27.46 15.58 -27.33 
CIE TINT -6.34 -13.65 -6.04 -14.68 -5.87 -14.63 -5.94 -14.34 -6.02 -13.53 
3% Sodium Hydrosulfite Control B Final Stage After Washing Air Aged 
Pad 6 Pad 6 Pad 7 Pad 7 Pad 8 Pad 8 Pad 9 Pad9 Pad 10 Pad 10 
Before After Before After Before After Before After Before After 
Brightness 65.63 65.56 66.60 66.23 66.22 65.39 67.30 66.45 66.60 66.31 
Brightness 65.42 64.93 66.54 66.31 66 07 65.52 67.08 66.24 66.65 66.58 
Brightness 65.53 64.99 66.58 66.53 66.09 65.29 66.86 65.91 66.37 66.81 
Brightness 66.05 65.10 66.24 66.39 65.79 65.50 66.81 65.62 66.58 66.43 
Brightness 65.79 65.27 65.94 64.37 65.43 65.57 66.71 66.30 66.75 66.33 
Brightness 65.76 65.52 66.61 66.15 66.17 65.08 66.64 66.45 67.37 66.60 
Brightness 66.09 65.17 66.49 66.12 65.99 65.64 67.06 66.66 67.33 66.65 
Brightness 66.18 65.09 66.45 65.92 66 07 65.39 67.00 66.74 67.08 66.21 
Brightness 66.08 65.26 66.38 66.26 65.78 65.58 67.00 66.93 67.20 66.42 
Brightness 65.70 65.22 66.41 66.08 65.97 65.55 67.03 67.09 68.16 66.29 
Average 65.82 65.21 66.43 66.04 65.96 65.45 66.95 66.44 67.01 66.46 
STDV 0.24 0.19 0.19 0.57 0.22 0.15 0.18 0.42 0.50 0.18 
Color Analysis 
Pad 6 Pad 6 Pad 7 Pad 7 Pad 8 Pad 8 Pad 9 Pad 9 Pad 10 Pad 10 
Before After Before After Before After Before After Before After 
Brightness 65.75 65.12 66.53 66.17 66.29 65.59 66.51 66.94 68.07 66.17 
R(X) 86.77 85.78 87.68 87.15 87.27 86.60 87.39 88.26 89.62 87.03 
R(Y) 83.21 82.28 83.98 83.58 83 68 82.94 83.80 84.59 85.88 83.40 
R(Z) 64.72 64.05 65.48 65.15 65.30 64.52 65.47 65.91 67.00 65.15 
X 80.67 79.76 81.53 81.05 81.17 80.50 81.30 82.07 83.35 80.98 
y 83.21 82.28 83.98 83.58 83.68 82.94 83.80 84.59 85.88 83.40 
z 76.44 75.64 77.33 76.94 77.12 76.20 77.32 77.84 79.13 7694.00 
L 91.22 90.71 91.64 91.42 91.47 91 07 91.54 91.91 92.67 91.52 
a -178 -1.78 -1 57 -1.73 -1.69 -1.59 -1.67 -1.68 -1 63 -1.57 
b 14.17 14.05 14.12 14.09 14.05 14.13 14.00 14.20 14.24 13.97 
DW L 575.43 575.41 575.65 575.47 575.51 575.63 575.52 575.54 575.60 575.63 
PUR 14.90 14.85 14.80 14.78 14.73 14.92 14.67 14.82 14.75 14.68 
LUM 83.21 82.28 83.98 83.58 83.68 82.94 83.80 84.59 85.88 83.40 
WH 9.25 9.34 9.95 9.87 10.15 9.27 10.46 9.86 10.38 10.40 
YEL 22.21 22.16 22 03 22.04 21.96 22.20 21.87 22.08 21.97 21.87 
CIEWH 11.82 11.10 13.27 12.80 1319 11.63 13.62 13.70 15.36 13.22 
CIETINT -6.10 -6.05 -6.43 -6.12 -6.17 -6.44 -6.16 -6.25 -6.32 --6.35 
Average Brightness 66.37 
Brightness Reversion 
Oven Aged Air Aged 
Pad 1 Pad 2 Pad 3 Pad 4 Pad 5 Average Pad 6 Pad 7 Pad 8 Pad9 Pad 10 Average 
19.49 22.07 23.61 21.78 22.32 21.86 0.93 0.59 0.77 0.76 0.82 0.77 
Appendix 
3% Sodium Hydrosulfite Run A 
Pad 1 Pad 1 
Before Alter 
Brightness 64.86 51.12 
Brightness 64.97 51.66 
Brightness 64.66 51.86 
Brightness 64.93 51.12 
Brightness 64.97 51.85 
Brightness 65.23 51.87 
Brightness 64.89 51.32 
Brightness 65.00 51.76 
Brightness 65.00 51.54 
Brightness 64.86 51.82 
Average 64.94 51.59 
STDV 0.13 0.28 
Color Analysis 
Pad 1 Pad 1 
Before Alter 
Brightness 64.95 52.18 
R(X) 85.59 79.60 
R(Y) 81.99 73.77 
R(Z) 63.96 51.30 
X 79.59 72.41 
y 81.99 73.77 
z 75.54 60.59 
L 90.54 85.89 
a -1.55 0.16 
b 13.91 18.29 
OWL 575.65 577.46 
PUR 14.76 21.61 
LUM 81.99 73.77 
WH 9.90 -16.09 
YEL 21.98 30.45 
CIEWH 11.46 -27.11 
CIETINT -6.41 -13.76 
3% Sodium Hydrosulfite Run A 
Pad 6 Pad 6 
Before Alter 
Brightness 63.10 63.53 
Brightness 63.14 63.85 
Brightness 63.40 63.04 
Brightness 63.93 63.80 
Brightness 64.02 63.17 
Brightness 62.95 62.51 
Brightness 62.91 63.04 
Brightness 63.62 63.23 
Brightness 63.67 63.49 
Brightness 63.36 63.47 
Average 63.36 63.31 
STDV 0.40 0.38 
Color Analysis 
Pad 6 Pad 6 
Before Alter 
Brightness 63.76 63.51 
R(X) 82.70 82.62 
R(Y) 79.26 79.16 
R(Z) 62.75 62.59 
X 77.10 77.00 
y 79.26 79.16 
z 74.11 73.92 
L 89.03 88.97 
a -1.22 -1.22 
b 12.96 13.01 
DWL 575.91 575.92 
PUR 13.96 14.03 
LUM 79.26 79.16 
WH 13.21 12.89 
YEL 20.83 20.92 
CIEWH 12.77 12.34 
CIETINT -6.47 -6.51 
Average Brightness 64.91 
Brightness Reversion 
Oven Aged 
First Stage Bleach 
Pad 2 Pad 2 Pad 3 
Before Alter Before 
65.21 48.86 65.10 
65.42 49.48 64.72 
65.53 49.69 64.78 
65.57 50.70 65.17 
65.48 48.56 64.54 
65.19 50.50 64.40 
65.58 49.36 64.99 
64.84 49.68 65.00 
65.17 50.44 64.51 
65.56 50.68 64 44 
65.35 49.80 64 76 
0.23 0.72 0.27 
Pad 2 Pad 2 Pad 3 
Before Alter Before 
65.61 48.99 64.63 
86.60 78.01 84.89 
82.87 71.32 81.28 
64.59 46.72 63.62 
80.51 70.25 78.98 
82.87 71.32 81.28 
76.28 55.18 75.14 
91.03 84.45 90.16 
-1.44 0.69 -1.40 
14.04 20.37 13.69 
575.78 577.84 575.78 
14.84 24.87 14.59 
82.87 71.32 81.28 
9.73 -27.06 10.65
22.06 34.48 21.72 
12.07 -44.75 11.67 
-6.66 -16.93 -6.56 
1st Stage Bleach 
Pad 7 Pad 7 Pad 8 
Before Alter Before 
64.51 63.68 66.56 
64.90 64.53 66.64 
64.37 64.92 66.13 
64.40 64.28 66.11 
65.54 64.54 65.05 
65.53 64.69 66.13 
64.79 64.76 65.47 
64.25 64.43 66.14 
64.80 64.04 65.71 
64.47 64.33 66.76 
64.66 64.42 66.07 
0.35 0.34 0.50 
Pad 7 Pad 7 Pad 8 
Before Alter Before 
64.84 64.32 66.83 
85.66 85.23 87.82 
81.96 81.60 84.17 
63.83 63.24 65.74 
79.62 79.17 81.69 
81.96 81.60 84.17 
75.39 74.69 77.64 
90.53 90.33 91.47 
-1.44 -1.63 -1.61 
14.00 14.21 14.04 
575.77 575.60 575.60 
14.88 15.13 14.69 
81.96 81.60 84.17 
9.44 8.16 10.45 
22.11 22.49 21.89 
10.97 9.25 13.94 
-6.67 -6.48 -6.29 
Pad 1 Pad 2 Pad 3 Pad 4 Pad 5 Average 












































































































































































































































































Pad 6 Pad 7 Pad 8 Pad 9 Pad 10 Average 




3% Sodium Hydrosulfite Run A Final stage After Washing Oven Aged 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 Pad 3 Pad4 Pad4 Pad 5 Pad 5 
Before After Before After Before After Before After Before After 
Brightness 64.12 49.14 64.68 45.69 65.80 46.52 65.00 46.35 64.91 46.05 
Brightness 65.13 49.68 63.98 45.69 64.79 45.88 64.88 46.28 64.75 46.86 
Brightness 65.15 49.54 63.34 46.26 65.09 45.55 64.97 46.31 64.83 45.46 
Brightness 64.89 48.64 62.21 45.86 65.05 45.70 64.06 46.60 64.68 45.96 
Brightness 64.92 49.50 63.39 44.69 64.88 46.47 64.81 45.95 64.86 46.33 
Brightness 64.17 49.64 63.60 44.90 64.63 46.45 64.78 46.21 64.54 45.82 
Brightness 64.17 49.27 63.97 44.62 64.17 46.66 63.70 45.75 64.80 46.19 
Brightness 65.05 48.70 64.17 45.56 65.01 46.22 64.07 46.25 64.39 45.84 
Brightness 65.13 48.82 63.27 44.90 64.84 46.52 64.85 45.64 64.55 45.97 
Brightness 65.41 48.52 63.93 45.88 64.71 46.19 64.87 46.13 64.16 48.82 
Average 64.82 49.15 63.65 45.32 64.90 46.22 64.60 46.15 64.65 46.09 
STDV 0.45 0.42 0.63 0.56 0.39 0.36 0.44 0.27 0.22 0.36 
Color Analysis 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 Pad 3 Pad4 Pad 4 Pad5 Pad 5 
Before After Before After Before After Before After Before After 
Brightness 65.14 48.85 63.20 45.13 64.83 46.52 64.96 45.93 64.25 46.16 
R(X) 85.15 77.53 81.87 72.89 84.10 74.17 84.51 73.92 83.29 73.65 
R(Y) 81.82 71.09 78.77 66.75 80.93 67.90 81.22 67.60 80.06 67.48 
R(Z) 64.11 48.05 61.44 44.33 63.84 45.71 63.97 45.15 63.32 45.36 
X 79.28 70.14 76.19 65.76 78.41 67.05 76.75 66.74 77.67 66.57 
y 61.62 71.09 76.77 66.75 80.93 67.90 61.22 67.60 80.06 67.48 
z 75.71 56.75 72.57 52.36 75.40 53.99 75.55 53.33 74.76 53.57 
L 90.45 84.31 88.75 61.70 89.96 82.40 90.12 62.21 69.47 82.14 
a -1.84 0.94 -2.09 0.74 -1 65 1.05 -1.72 1.02 -1.62 0.91 
b 13.69 19.11 13.65 19.19 13.27 16.63 13.37 19.09 13.06 16.63 
DWL 575.29 576.06 575.00 STT.91 575.21 576.15 575.38 576.12 575.45 576.05 
PUR 14.46 23.22 14.67 24.14 14.05 23.45 14.17 23.88 13.95 23.52 
LUM 81.62 71.09 76.77 66.75 80.93 67.90 61.22 67.60 80.06 67.48 
WH 10.97 -21.07 9.45 -22.90 12.59 -20.63 12.25 -22.17 13.10 -20.99 
YEL 21.64 32.40 21.99 33.57 21.10 32.66 21.22 33.19 20.90 32.77 
CIEWH 12.43 -36.97 6.12 -45.61 13.41 -41.12 13.30 -43.45 13.26 -41.99 
CIETINT -5.70 -16.37 -5.30 -16.62 -5.41 -16.79 -5.72 -17.01 -5.74 -16.55 
3% Sodium Hydrosulfite Run A Final stage After Washing Air Aged 
Pad 6 Pad 6 Pad 7 Pad 7 Pad6 Pad6 Pad9 Pad9 Pad 10 Pad 10 
Before After Before After Before After Before After Before After 
Brightness 65.40 64.61 65.99 65.24 65.36 65.02 66.58 65.12 65.30 66.32 
Brightness 64.94 64.95 65.99 65.14 64.79 64.71 65.99 64.97 65.67 65.42 
Brightness 65.15 65.16 66.12 65.00 64.56 65.27 65.26 64.53 65.70 65.22 
Brightness 64.77 64.75 66.05 65.13 64.35 64.65 66.14 64.65 65.47 65.46 
Brightness 65.06 64.45 66.16 64.79 65.22 64.61 66.40 65.43 65.98 65.76 
Brightness 65.72 64.79 65.79 64.62 64.78 64.67 66.26 65.09 65.09 65.66 
Brightness 65.19 64.91 65.42 65.30 64.52 64.72 66.17 64.73 65.96 65.61 
Brightness 65.51 64.64 65.84 64.72 64.75 64.71 66.36 65.07 65.80 64.72 
Brightness 65.31 64.51 65.69 64.98 65.24 64.00 66.36 65.11 65.74 66.03 
Brightness 64.94 64.61 66.34 64.96 65.20 64.66 66.39 64.97 65.74 65.62 
Average 65.20 64.76 65.94 65.01 64.88 64.74 66.19 64.99 65.65 65.60 
STDV 0.27 0.20 0.24 0.16 0.33 0.30 0.34 0.23 0.26 0.41 
Color Analysis 
Pad 6 Pad 6 Pad 7 Pad 7 Pad 6 Pad 6 Pad9 Pad9 Pad 10 Pad 10 
Before After Before After Before After Before After Before After 
Brightness 65.68 64.66 66.12 65.15 65.16 64.70 66.19 64.99 65.74 66.30 
R(X) 65.72 84.76 86.03 85.20 84.02 83.91 85.93 84.98 85.85 86.46 
R(Y) 82.45 81.42 82.74 81.96 80.91 80.69 82.79 81.75 82.57 83.20 
R(Z) 64.62 63.64 65.06 64.15 64.17 63.71 65.18 64.02 64.66 65.27 
X 79.83 78.88 80.16 79.33 78.41 76.23 80.11 79.13 79.94 80.54 
y 62.45 81.42 82.74 81.96 80.91 80.69 82.79 81.75 82.57 83.20 
z 76.32 75.16 76.86 75.76 75.78 75.24 76.98 75.61 76.36 77.09 
L 90.80 90.23 90.96 90.53 89.95 89.93 90.99 90.41 90.87 91.21 
a -1.97 -1.87 -1.88 -2.03 -1.82 -1.74 -2.07 -2.00 -1.99 -2.01 
b 13.73 13.78 13.57 13.75 13.01 13.21 13.53 13.71 13.78 13.74 
DWL 575.14 575.27 575.23 575.09 575.21 575.33 575.00 575.11 575.14 575.10 
PUR 14.42 14.60 14.23 14.49 13.76 14.03 14.14 14.46 14.47 14.35 
LUM 82.45 81.42 82.74 81.96 80.91 80.69 82.79 81.75 82.57 63.20 
WH 11.12 10.29 12.11 10.71 13.92 12.76 12.36 10.83 10.91 11.49 
YEL 21.62 21.84 21.34 21.73 20.69 21.04 21.26 21.68 21.69 21.54 
CIEWH 13.12 11.35 14.41 12.26 14.83 13.40 14.69 12.20 13.00 14.14 
CIE TINT -5.44 -5.72 -5.51 -5.38 -5.30 -5.58 -5.11 -5.40 -5.46 -5.35 
Average Brightness 65.05 
Brightness Reversion 
Oven Aged Air Aged 
Pad 1 Pad 2 Pad 3 Pad4 Pad 5 Average Pad6 Pad7 Pad 8 Pad9 Pad 10 Average 
24.17 28.80 28.78 28.56 28.71 27.80 0.67 1.41 0.22 1.81 0.06 0.84 
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3% Sodium Hydrosulfite Run B First Stage Bleach Oven Aged 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 Pad 3 Pad4 Pad 4 Pad 5 Pad 5 
Before After Before After Before Alter Before Alter Before After 
Brightness 63.62 49.41 64.38 48.81 65.81 50.22 63.84 48.70 64.01 50.41 
Brightness 63.59 49.71 64.15 49.08 65.74 49.97 63.73 48.60 64.26 49.55 
Brightness 63.14 49.47 64.39 48.80 65.42 50.25 63.99 47.56 64.03 49.31 
Brightness 63.51 49.96 64.25 48.34 65.70 49.26 63.84 45.94 64.20 49.98 
Brightness 63.46 48.57 64.50 48.91 66.12 49.52 63.67 46.20 64.57 50.25 
Brightness 63.72 48.38 64.06 48.44 65.18 48.73 64.09 48.16 64.09 49.82 
Brightness 63.81 49.66 64.35 48.46 65.30 50.09 64.12 47.85 63.99 49.97 
Brightness 63.10 49.83 64.34 49.04 65.39 50.07 63.68 48.19 64.09 49.64 
Brightness 63.66 49.78 64.26 48.87 65.59 50.07 63.73 48.18 64.20 49.81 
Brightness 63.58 50.28 64.08 48.94 65.22 48.57 63.57 47.60 63.98 49.86 
Average 63.52 49.51 64.28 48.77 65.55 49.37 63.82 47.66 64.14 49.86 
STDV 0.22 0.56 0.13 0.24 0.28 0.59 0.17 0.85 0.16 0.30 
Color Analysis 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 Pad 3 Pad 4 Pad 4 Pad5 Pad 5 
Before Alter Before Alter Before Alter Before Alter Before Alter 
Brightness 63.73 50.23 64.22 49.35 65.46 49.79 63.78 47.79 64.11 49.91 
R(X) 84.42 78.76 84.92 76.82 86.80 78.45 84.56 77.20 84.91 77.50 
R(Y) 80.82 72.78 81.19 70.78 83.09 72.28 80.99 70.87 81.32 71.70 
R(Z) 62.68 49.65 63.18 48.50 64.41 48.88 62.72 46.92 63.08 49.00 
X 78.43 71.42 78.91 69.68 80.63 71.03 78.55 69.66 78.89 70.31 
y 80.82 72.78 81.19 70.78 83.09 72.28 80.99 70.87 81.32 71.70 
z 74.03 58.63 74.62 57.28 76.07 57.73 74.07 55.41 74.50 57.87 
L 89.90 85.31 90.10 84.13 91.15 85.01 89.99 84.18 90.17 84.68 
a -1.59 0.13 .1.35 0.59 -1.61 0.34 -1.69 0.37 -1.65 0.02 
b 14.10 18.96 13.97 18.52 14.32 19.25 14.19 19.90 14.14 18.75 
OWL 575.62 577.43 575.87 577.81 575.63 577.58 575.52 577.63 575.57 577.34 
PUR 15.09 22.67 14.95 22.41 15.13 23.18 15.16 24.55 15.08 22.55 
LUM 80.82 72.78 81.19 70.78 83.09 72.28 80.99 70.87 81.32 71.70 
WH 8.28 -19.75 9.15 -18.35 8.37 -21.30 7.91 -24.93 8.36 -19.11 
YEL 22.43 31.78 22.18 31.48 22.48 32.36 22.55 33.79 22.42 31.66 
CIEWH 8.68 -33.10 9.99 -33.86 10.80 -35.76 8.42 -42.62 9.21 -33.74 
CIE TINT -6.50 -14.36 -6.85 -15.18 -6.53 -15.10 -6.37 -15.90 -6.41 -14.06 
3% Sodium Hydrosulfite Run B 1 st Stage Bleach Air Aged 
Pad 6 Pad6 Pad 7 Pad 7 Pad 8 Pad8 Pad9 Pad 9 Pad 10 Pad 10 
Before Alter Before Alter Before Alter Before Alter Before Alter 
Brightness 65.69 65.01 64.32 64 02 65.32 64.63 65.28 64.40 65.60 65.20 
Brightness 65.64 65.16 64.92 64.13 66.04 65.10 65.45 64.68 65.34 65.18 
Brightness 65.89 65.35 64.44 63.89 65 01 64.73 65.18 64.15 65.41 64.68 
Brightness 65.79 65.26 64.40 64.43 65.66 64.45 66.20 64.71 65.86 64.43 
Brightness 66.19 65.54 64.18 63.91 65.91 64.92 65.82 64.25 65.70 64.75 
Brightness 65.80 65.19 64.58 64.39 66.61 64.78 65.23 64.93 65.70 65.31 
Brightness 65.20 65.12 65.05 64.49 65.82 64.52 65.20 64.24 65.98 64.77 
Brightness 65.42 65.49 64.08 64.65 65.94 64.37 65.86 64.43 65.90 65.04 
Brightness 65.45 65.54 64.30 64.69 66.23 64.23 65.63 64.62 65.63 65.41 
Brightness 65.51 65.19 64.10 64.26 66.47 65.14 65.09 64.39 65.65 65.16 
Average 65.66 65.29 64.44 64.29 65.90 64.69 65.49 64.48 65.68 64.99 
STDV 0.26 0.17 0.31 0.27 0.46 0.29 0.34 0.23 0.19 0.30 
Color Analysis 
Pad 6 Pad6 Pad 7 Pad 7 Pad 8 Pad 8 Pad 9 Pad9 Pad 10 Pad 10 
Before After Before After Before Alter Before Alter Before Alter 
Brightness 65.49 65.25 65.10 63.84 66.58 65.25 65.63 64.60 65.81 65.63 
R(X) 86.81 86.45 85.96 84.98 87.95 85.93 86.95 85.83 87.14 87.09 
R(Y) 83.07 82.74 82.48 81.41 84.17 82.31 83.21 82.04 83.49 83.28 
R(Z) 64.44 64.23 64.08 62.84 65.47 64.23 64.52 63.57 64.86 64.64 
X 80.64 80.32 79.91 78.90 81.74 79.92 80.77 79.71 80.99 80.90 
y 83.07 82.74 82.48 81.41 84.17 82.31 83.21 82.04 83.49 83.28 
z 76.10 75.86 75.68 74.22 77.32 75.86 76.20 75.07 76.60 76.34 
L 91.14 90.96 90.82 90.22 91.74 90.72 91.21 90.57 91.37 91.25 
a -1.56 -1.56 -1.86 -1.80 -1.51 -1.53 -1.57 -1.42 -1.68 -1.45 
b 14.29 14.22 14.16 14.39 14.25 13.93 14.32 14.26 14.25 14.27 
OWL 575.67 575.67 575.33 575.43 575.73 575.66 575.67 575.82 575.54 575.80 
PUR 15.10 15.05 14.95 15.33 14.95 14.75 15.11 15.19 14.99 15.08 
LUM 83.07 82.74 82.48 81.41 84.17 82.31 83.21 82.04 83.49 83.28 
WH 8.53 8.71 8.87 7.14 9.38 9.99 8.47 8.14 8.97 8.73 
YEL 22.43 22.36 22.30 22.80 22.21 21.96 22.45 22.51 22.31 22.37 
CIEWH 10.97 10.87 10.76 7.95 12.84 11.84 11.02 9.65 11.79 11.38 
CIE TINT -6.60 -6.58 -5.96 -6.28 -6.62 -6.43 -6.60 -6.89 -6.33 -6.80 
Average Brightness 64.85 
Brightness Reversion 
Oven Aged Air Aged 
Pad 1 Pad 2 Pad 3 Pad 4 Pad 5 Average Pad6 Pad 7 Pad 8 Pad9 Pad 10 Average 
22.06 24.13 24.69 25.32 22.26 23.69 0.56 0.23 1.84 1.54 1.05 1.05 
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3% Sodium Hydrosulfite Run B Final Stage After Washing OllenAged 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 Pad 3 Pad4 Pad 4 Pad 5 Pad 5 
Before After Before After Before After Before After Before After 
Brightness 65.00 50.59 64.85 50.43 64.97 49.23 66.22 50.75 64.16 50.81 
Brightness 65.87 49.99 64.79 49.96 64.58 49.06 66.00 50.21 64.38 50.67 
Bnghtness 64.66 49.79 64.50 50.79 64.35 47.80 65.60 49.99 64.27 50.95 
Brightness 65.19 50.24 64.71 51.01 64.67 49.18 66.10 49.21 64.54 50.64 
Brightness 65.63 50.43 64.54 50.85 64.49 48.67 65.52 49.37 64.41 50.98 
Brightness 65.64 50.77 64.66 50.60 65.11 47.97 66.30 50.07 65.05 50.76 
Brightness 65.81 51.04 64.56 49.80 64.74 48.79 65.56 50.29 64.75 50.92 
Brightness 65.98 51.24 64.80 50.76 64.31 49.31 66.10 50.05 64.65 50.58 
Brightness 65.76 50.68 64.55 49.93 64.75 49.37 65.92 49.91 64.93 51.15 
Brightness 65.83 51.31 64.17 50.17 64.58 49.36 65.53 50.21 65.09 51.17 
Average 65.54 50.61 64.61 50.43 64.66 48.87 65.88 50.01 64.62 50.86 
STDV 0.41 0.48 0.18 0.41 0.24 0.54 0.28 0.42 0.31 0.19 
Color Analysis 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 Pad 3 Pad 4 Pad4 Pad5 Pad 5 
Before After Before After Before After Before After Before After 
Brightness 65.88 51.39 64.44 50.03 65.12 49.31 65.61 50.36 65.05 51.11 
R(X) 86.15 79.05 84.38 77.46 85.11 77.44 85.84 78.53 85.78 81.18 
R(Y) 82.89 73.25 81.18 71.74 81.90 71.48 82.60 72.53 82.31 75.75 
R(Z) 64.86 50.49 63.41 49.14 64.08 48.42 64.57 49.48 64.06 48.58 
X 80.21 71.82 78.54 70.30 79.24 70.14 79.91 71.21 79.76 73.10 
y 82.89 73.25 81.18 71.74 81.90 71.48 82.60 72.53 82.31 75.75 
z 76.60 59.63 74.89 58.04 75.68 57.19 76.26 58.43 75.65 57.38 
L 91.04 85.58 90.10 84.70 90.50 84.54 90.88 85.16 90.72 87.03 
a -2.06 0.00 -2.08 -0.05 -2 08 0.14 -2.11 0.21 -1.84 -2.38 
b 13.84 18.60 13.78 18.66 13.76 19.07 13.87 18.93 14.06 21.83 
DWL 575.07 577.33 575.03 577.28 575.03 577.43 575.02 577.48 575.35 575.68 
PUR 14.50 22.08 14.60 22.40 14.50 23.06 14.55 22.69 14.85 25.59 
LUM 82.89 73.25 81.18 71.74 81.90 71.48 82.60 72.53 82.31 75.75 
WH 10.78 -17.79 10.09 -18.63 10.62 -20.74 10.48 -19.68 9.30 -32.89 
YEL 21.74 31.07 21.89 31.49 21.75 32.25 21.82 31.78 22.17 35.85 
CIEWH 13.12 -29.97 10.90 -33.09 12.09 -36.18 12.55 -33.33 11.08 -46.43 
CIETINT -5.35 -13.74 -5.33 -13.81 -5.30 -14.61 -5.29 -14.52 -5.95 -11.20 
3% Sodium Hydrosulfite Run B Final Stage After Washing Air Aged 
Pad 6 Pad 6 Pad 7 Pad 7 Pad 8 Pad 8 Pad 9 Pad 9 Pad 10 Pad 10 
Before After Before After Before After Before After Before After 
Brightness 66.61 65.83 66.98 66.43 65.97 65.56 65.89 66.08 
Brightness 66.21 65.66 67.06 65.77 65.68 65.95 65.46 66.14 
Brightness 66.07 65.82 67.05 66.28 66.09 66 01 66.16 65.44 
Brightness 66.20 65.74 66.81 65.75 66.28 65.97 65.05 65.44 
Brightness 66.02 65.69 66.54 66.47 65.94 65.51 66.07 65.72 
Brightness 66.12 65.41 66.50 66.67 65.77 65.32 66.11 65.70 
Brightness 65.74 65.79 66.45 66.20 66.33 65.35 66.21 66.13 
Brightness 65.35 65.54 66.64 65.74 66.18 66.04 66.28 65.89 
Brightness 66.04 64.91 66.69 65.58 66.43 65.85 66.35 66.01 
Brightness 66.07 64.97 66.88 65.50 66.41 65.82 66.39 65.80 
Average 66.07 65.54 66.76 66.04 66.11 65.74 66.00 65.84 
STDV 0.32 0.32 0.21 0.39 0.24 0.26 0.40 0.24 
Color Analysis 
Pad6 Pad 6 Pad 7 Pad 7 Pad 8 Pad 8 Pad 9 Pad 9 
Before After Before After Before After Before After 
Brightness 66.04 65.46 66.93 65.60 66.05 66.11 66.46 65.85 
R(X) 85.99 85.02 87.19 86.35 86.11 86.60 86.88 86.42 
R(Y) 82.59 81.81 83.84 82.93 82.77 83.24 83.44 82.97 
R(Z) 65.07 64.44 65.93 64.55 64.94 65.07 65.41 64.84 
X 80.13 79.25 81.23 80.31 80.20 80.60 80.89 80.42 
y 82.59 81.81 83.84 82.93 82.77 83.24 83.44 82.97 
z 76.85 76.11 77.86 76.23 76.69 76.85 77.25 76.58 
L 90.88 90.45 91.56 91.06 90.98 91.23 91.34 91.08 
a -1.65 -1.88 -1.88 -1.96 -1.86 -1.96 -1.77 -1.79 
b 13.48 13.42 13.68 14.11 13.70 13.92 13.79 13.91 
DWL 575.47 575.20 575.25 575.22 575.27 575.19 575.38 575.37 
PUR 14.17 14.14 14.25 14.83 14.38 14.58 14.44 14.62 
LUM 82.59 81.81 83.84 82.93 82.77 83.24 83.44 82.97 
WH 12.50 12.35 12.18 9.38 11.44 10.55 11.34 10.47 
YEL 21.21 21.22 21.36 22.16 21.54 21.83 21.60 21.84 
CIEWH 14.73 13.88 15.42 11.70 13.74 13.19 14.21 12.89 
CIETINT -5.87 -5.43 -5.54 -5.73 -5.63 -5.58 -5.83 -5.90 
Average Brightness 65.58 
Brightness Reversion 
-Oven Aged Air Aged 
Pad 1 Pad 2 Pad 3 Pad 4 Pad 5 Average Pad6 Pad 7 Pad 8 Pad9 Average 
22.78 21.95 24.42 24.09 21.29 22.91 0.80 1.08 0.56 0.24 0.81 
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3% Sodium Hydrosulfite Run C First stage Bleach Own Aged 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 Pad 3 Pad 4 Pad 4 Pad5 Pad 5 
Before Alter Before Alter Before Alter Before Alter Before Alter 
Brightness 63.32 50.02 64.37 49.15 65.76 48.34 65.16 50.02 65.25 49.90 
Brightness 63.40 48.27 64.71 48.32 65.66 48.24 64.89 49.82 64.89 50.32 
Brightness 63.61 49.27 64.31 49.99 64.35 48.94 64.84 50.14 64.48 49.66 
Brightness 63.64 50.13 64.71 49.09 64.36 48.36 64.97 50.44 65.24 49.80 
Brightness 63.39 50.26 64.68 49.08 64.05 49.02 64.80 50.06 64.93 49.67 
Brightness 63.01 49.11 64.46 49.76 64.24 48.58 64.92 49.87 65.14 49.62 
Brightness 63.50 49.55 64.51 48.87 63.88 48.58 64.53 50.20 65.19 50.07 
Brightness 63.48 50.35 64.15 49.87 65.01 48.00 64.49 50.27 65.00 50.16 
Brightness 63.14 50.36 64.71 49.88 65 04 49.12 64.90 50.86 65.01 50.69 
Brightness 63.78 49.85 64.56 49.21 64.58 48.67 64.85 49.98 65.10 50.66 
A11erage 63.43 49.72 64.52 49.32 64.69 48.58 64.84 50.17 65.02 50.06 
STDV 0.22 0.64 0.18 0.51 0.61 0.34 0.18 0.29 0.21 0.37 
Color Analysis 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 Pad 3 Pad 4 Pad 4 Pad5 Pad5 
Before Alter Before Alter Before Alter Before Alter Before Alter 
Brightness 63.59 49.25 65.29 48.18 64.88 49.08 64.42 49.83 65.20 50.68 
R(X) 84.95 70.63 86.75 77.19 86.15 77.56 84.11 73.05 86.26 78.60 
R(Y) 81.19 62.88 82.98 70.57 82.44 71.55 80.58 66.74 82.53 
72.54 
R(Z) 62.59 38.59 64.26 46.38 63.95 48.16 63.42 45.06 64.22 49.84 
X 78.82 62.87 80.56 69.55 80.03 70.19 78.33 66.05 80.17 71.34 
y 81.19 62.88 82.98 70.57 82.44 71.55 80.58 66.74 82.53 72.54 
z 73.93 45.58 75.89 54.70 75.53 56.88 74.90 53.21 75.84 58.86 
L 90.11 79.29 91.09 84.01 90.79 84.58 89.76 81.69 90.84 85.17 
a -1.54 2.76 -1.55 0.76 -1.56 0.09 -1.32 1.35 -1.44 0.45 
b 14.43 21.42 14.37 20.14 14.23 19.33 13.36 18.56 14.09 18.64 
OWL 575.72 579.17 575.69 577.89 575.67 577.39 575.83 578.39 575.78 577.70 
PUR 15.45 28.71 15.20 24.71 15.09 23.39 14.28 23.36 14.93 22.24 
LUM 81.19 62.88 82.98 70.57 82.44 71.55 80.58 66.74 82.53 72.54 
WH 6.80 -34.26 8.09 -26.19 8.48 -21.97 11.96 -19.98 9.28 -18.27 
YEL 22.90 38.62 22.56 34.27 22.42 32.67 21.28 32.48 22.18 31.29 
CIEWH 7.42 -68.80 10.42 -44.68 10.35 -37.73 12.49 -41.51 11.29 -31.43 
CIETINT -6.83 -23.91 -6.67 -16.69 -6.59 -14.72 -6.50 -17.36 -6.71 -14.77 
3% Sodium Hydrosullite Rune 1 st stage Bleach Air Aged 
Pad 6 Pad 6 Pad7 Pad 7 Pad8 Pad 8 Pad9 Pad9 Pad 10 Pad 10 
Before Alter Before Alter Before Alter Before Alter Before Alter 
Brightness 64.09 63.39 65.60 64.71 65.06 64.62 65.58 65.66 65.45 63.95 
Brightness 63.79 63.59 65.68 65.10 64.73 64.94 66.49 66.18 65.36 64.20 
3rightness 64.02 64.27 65.76 65.03 64.96 65.16 66.68 65.33 64.78 63.08 
3rightness 63.69 64.18 65.45 64.17 65.25 64.85 66.27 65.62 65.20 63.35 
�rightness 64.08 63.44 65.31 64.00 64.85 64.97 66.10 65.71 65.26 63.87 
!rightness 63.90 63.49 65.57 64.30 64.97 64.91 66.00 65.78 64.74 64.20 
\rightness 63.99 64.00 65.42 64.74 65.12 64.84 65.74 66.20 64.12 64.37 
rightness 63.76 63.58 65.39 64.56 65.08 64.81 66.05 65.82 64.78 63.55 
nghtness 64.16 63.79 65.32 64.11 65.07 65.08 66.74 65.65 64.93 63.22 
1ghtness 64.14 63.47 65.53 64.47 64.68 65.08 66.91 65.96 65.02 63.69 
,erage 63.96 63.72 65.50 64.52 64.98 64.93 66.26 65.79 64.96 63.75 
-ov 0.15 0.30 0.14 0.35 0.16 0.14 0.41 0.25 0.36 0.42 
•lor Analysis 
Pad 6 Pad6 Pad 7 Pad 7 Pad 8 Pad 8 Pad 9 Pad 9 Pad 10 Pad 10 
Before Alter Before Alter Before Alter Before Alter Before Alter 
Jhtness 64.30 63.84 65.60 64.21 64.76 64.61 66.94 66.00 65.02 63.81 
'.) 85.50 84.78 86.50 85.21 84.82 85.15 88.02 87.49 85.72 84.79 
) 81.87 81.14 82.93 81.59 81.28 81.49 84.39 83.72 82.18 81.10 
) 63.28 62.81 64.53 63.17 63.75 63.59 65.90 64.96 63.95 62.56 
79.39 78.73 80.42 79.14 78.95 79.18 81.88 81.28 79.69 78.69 
81.87 81.14 82.93 81.59 81.28 81.49 84.39 83.72 82.18 81.10 
74.74 74.18 76.21 74.60 75.29 75.10 77.83 76.72 75.53 73.88 
90.48 90.08 91.06 90.32 90.15 90.27 91.86 91.50 90.65 90.06 
-1.72 -1.62 -1.73 -1.67 -1.45 -1.40 -1.67 -1.56 -1.72 -1.63 
14.36 14.23 14.12 14.25 13.59 13.86 14.07 14.33 14.05 14.40 
575.51 575.61 575.48 575.56 575.72 575.80 575.54 575.68 575.48 575.61 
15.27 15.20 14.88 15.18 14.47 14.78 14.69 15.08 14.88 15.41 
81.87 81.14 82.93 81.59 81.28 81.49 84.39 83.72 82.18 81.10 
7.52 7.81 9.34 7.91 11.15 9.89 10.43 8.69 9.27 6.92 
22.70 22.59 22.18 22.57 21.56 21.96 21.90 22.40 22.17 22.86 
'H 8.80 8.47 11.68 8.96 12.20 11 04 14.11 11.72 10.94 7.46 
NT -6.40 -6.54 -6.18 -6.43 -6.39 -6.67 -6.19 -6.60 -6.17 -6.63 
e Brightness 64.82 
ess Re11ersion 
Oven Aged Air Aged 
Pad 2 Pad 3 Pad4 Pad 5 A11erage Pad6 Pad 7 Pad 8 Pad9 Pad 10 A11erage 
31 23.56 24.90 22.62 23.01 23.14 0.38 1.50 0.08 0.71 1.86 0.90 
60 
Appendix 
3% Sodium Hydrosulfite Rune Final Stage Alter Washing Oven Aged 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 Pad 3 Pad4 Pad 4 Pad5 Pad 5 
Before Alter Before Alter Before Alter Before Alter Before Alter 
Brightness 65.28 51.10 64.25 50.29 65.94 50.99 66.07 52.50 65.00 51.55 
Brightness 65.32 50.13 63.73 50.36 64.93 50.66 65.24 52.76 64.50 51.50 
Brightness 65.38 50.82 64.59 50.00 65.21 50.34 65.13 52.33 64.94 50.95 
Brightness 65.39 50.37 64.09 49.57 65.19 50.78 65.88 52.48 65.42 51.25 
Brightness 65.05 49.87 64.81 50.34 64.96 51.42 65.93 51.87 64.69 50.06 
Brightness 64.90 50.65 64.41 50.48 65.12 51.46 65.72 52.44 65.38 50.67 
Brightness 64.80 51.50 64.54 49.54 65.20 51.25 65.70 52.59 64.53 51.47 
Brightness 64.79 51.76 64.38 51.05 65.21 51.57 65.93 52.42 64.97 51.32 
Brightness 65.50 51.59 63.81 50.64 65.00 51.44 65.71 52.28 65.06 51.02 
Brightness 65.55 51.73 64.11 50.51 64.68 51.50 65.51 52.44 65.15 50.84 
Average 65.20 50.95 64.27 50.28 65.14 51.14 65.68 52.41 64.97 51.06 
STDV 0.27 0.65 0.32 0.44 0.30 0.40 0.28 0.22 0.29 0.43 
Color Analysis 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 Pad 3 Pad4 Pad4 Pad5 Pad5 
Before Alter Before Alter Before Alter Before Alter Before Alter 
Brightness 65.62 51.84 64.97 50.45 64.74 51.58 65.51 52.27 65.06 51.32 
R(X) 86.17 79.89 85.94 79.20 85.87 79.84 86.41 80.12 85.94 78.94 
R(Y) 82.70 73.85 82.39 73.00 82.34 73.63 82.91 74.08 82.41 72.94 
R(Z) 64.64 50.98 63.97 49.53 63.75 50.68 64.47 51.43 64.06 50.46 
X 80.18 72.57 79.87 71.74 79.78 72.47 80.34 72.84 79.88 71.72 
y 82.70 73.85 82.39 73.00 82.34 73.63 82.91 74.08 82.41 72.94 
z 76.34 60.21 75.55 58.50 75.29 59.85 76.14 60.74 75.65 59.59 
L 90.94 85.94 90.76 85.44 90.47 85.81 91.05 86.07 90.78 85.40 
a -1.76 0.34 -1.77 0.37 -1.87 0.57 -1.84 0.43 -1.77 0.43 
b 1388 18.61 14.18 19.21 14.32 18.71 14.15 18.40 14.13 18.41 
OWL 575.41 577.59 575.44 577.63 575.35 577.80 575.35 577.69 575.43 577.69 
PUR 14.62 22.05 15.00 22.90 15.15 22.16 14.90 21.66 14.93 21.86 
LUM 82.70 73.85 82.39 73.00 82.34 73.63 82.91 74.08 82.41 72.94 
WH 10.45 -17.63 8.73 -20.86 7.98 -18.17 9.16 -16.52 9.00 -16.99 
YEL 21.84 30.96 22.35 32.14 22.57 31.17 22.23 30.57 22.26 30.28 
elEWH 12.64 -28.91 10.54 -34.19 9.70 -29.84 11.45 -27.20 10.85 -29.27 
e1E TINT -5.96 -14.38 -6.16 -15.03 -6.07 -14.96 -5.97 -14.37 -6.11 -14.50 
3% Sodium Hydrosulfite Rune Final Stage After Washing Air Aged 
Pad6 Pad6 Pad 7 Pad 7 Pad 8 Pad 8 Pad 9 Pad9 Pad 10 Pad 10 
Before Alter Before Alter Before Alter Before Alter Before Alter 
Brightness 66.13 66.03 64.42 63.69 65.54 65.29 64.35 63.94 65.23 65.06 
Brightness 65.66 65.91 64.14 63.46 65.35 64.89 64.29 64.27 64.96 64.99 
Brightness 65.79 65.79 64.05 63.44 65.05 64.97 63.64 64.29 64.97 65.16 
Brightness 66.01 65.71 63.93 63.38 65.67 65.10 64.44 64.40 65.05 65.38 
Brightness 66.03 65.72 63.99 63.41 65.39 64.22 64.31 64.15 65.29 64.92 
Brighiness 65.89 65.14 63.98 63.07 65.30 65.22 64.61 64.09 65.23 64.80 
Brightness 65.97 65.57 63.95 63.53 64.76 65.32 64.49 63.87 64.92 65.33 
Brightness 65.94 65.75 64.08 63.20 65 45 65.01 64.21 63.79 65.18 65.20 
Brightness 66.21 65.77 64.29 62.90 65.59 64.94 63.55 64.23 65.23 65.37 
Brightness 65.96 65.56 64.25 63.35 65 49 64.96 64.60 64.14 65.22 64.85 
Average 65.96 65.70 64.11 63.34 65.36 64.99 64.25 64.12 65.13 65.11 
STDV 0.14 0.22 0.15 0.21 0.25 0.29 0.34 0.18 0.13 0.20 
Color Analysis 
Pad 6 Pad 6 Pad 7 Pad 7 Pad 8 Pad 8 Pad 9 Pad9 Pad 10 Pad 10 
Before Alter Before Alter Before Alter Before Alter Before Alter 
Brightness 65.98 65.66 64.12 63.11 65.29 65.23 63.68 64.22 65.11 65.48 
R(X) 86.54 86.52 84.62 83.77 86.27 86.56 84.57 84.90 86.01 86.65 
R(Y) 83.00 83.00 81.18 80.25 82 72 82.98 81.04 81.46 82.41 83.08 
R(Z) 64.96 64.66 63.04 62.08 64.27 64.17 62.65 63.18 64.15 64.47 
X 80.54 80.46 78.65 77.80 80.19 80.40 78.54 78.90 79.96 80.52 
y 83.00 83.00 81.18 80.25 82 72 82.98 81.04 81.46 82.41 83.08 
z 76.72 76.37 74.45 73.32 75.90 75.79 73.99 74.62 75.76 76.13 
L 91.10 91.10 90.10 89.58 90.95 91.09 90.02 90.25 90.78 91.15 
a -1.63 -1.78 -1.84 -1.75 -1 77 -1.86 -1.81 -1.90 -1.63 -1.81 
b 13.84 14.07 14.07 14.18 14 18 14.43 14.28 14.16 14.07 14.27 
DWL 575.54 575.41 575.34 575.46 575.44 575.37 575.41 575.29 575.57 575.40 
PUR 14.56 14.80 14.98 15.21 14.96 15.21 15.25 15.04 14.88 15.03 
LUM 83.00 83.00 81.18 80.25 82.72 82.98 81.04 81.46 82.41 83.08 
WH 10.84 9.65 8.62 7.57 8.91 7.76 7.47 8.34 9.34 8.63 
YEL 21.73 22.09 22.34 22.63 22.30 22.65 22.69 22.44 22.16 22.40 
elEWH 13.33 12.06 9.34 7.39 11.03 10.03 7.98 9.28 11.23 11.04 
elETINT -6.15 -6.03 -5.99 -6.28 -6.14 -6.13 -6.21 -5.93 -6.33 -6.11 
Average Brightness 65.01 
Brightness Reversion 
Oven Aged Air 
Pad 1 Pad 2 Pad 3 Pad 4 Pad5 Average Pad 6 Pad 7 Pad8 Pad 9 Pad 10 Average 
21.86 21.77 21.49 20.20 21.41 21.35 0.39 1.20 0.57 0.20 0.03 0.48 
Appendix 
1% Sodium Hydrosulfite Unbleached Run CNenAged 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 Pad 3 Pad 4 Pad 4 Pad5 Pad 5 
Before After Before After Before After Before After Before After 
Brightness 60.22 48.24 60.23 48.42 60.42 48.55 60.43 46.57 59.20 45.18 
Brightness 60.88 48.06 60.19 48.35 60.15 49.02 58.57 46.98 59.98 45.37 
Brightness 60.42 48.43 60.27 48.82 59.68 49.09 58.72 47.68 58.71 45.59 
Brightness 60.81 47.35 60.94 48.70 60.86 48.15 59.41 47.13 58.37 45.34 
Brightness 60.65 48.85 60.92 48.83 60.66 48.56 60.43 46.48 58.40 45.88 
Brightness 60.05 48.83 60.54 48.13 61.49 48.62 60.97 46.97 60.63 44.43 
Brightness 60.97 48.39 60.83 47.98 59.33 48.18 58.95 47.58 60.03 45.28 
Brightness 60.57 48.75 60.90 47.12 61.23 48.45 60.88 46.93 59.49 45.40 
Brightness 60.71 47.76 60.00 49.08 58.64 48.76 59.61 47.05 58.97 44.69 
Brightness 60.44 48.13 60.07 48.43 60.02 49.26 60.15 47.24 57.72 44.36 
Average 60.57 48.28 60.49 48.29 60.25 48.69 59.81 47.06 59.15 45.16 
STDV 0.28 0.46 0.36 0.53 0.82 0.31 0.84 0.37 0.85 0.49 
Color Analysis 
Pad 1 Pad 1 Pad 2 Pad 2 Pad 3 Pad 3 Pad4 Pad 4 Pad 5 Pad5 
Before After Before After Before After Before After Before After 
Brightness 60.37 48.56 60.94 48.78 59.74 49.05 60.81 48.00 58.75 45.92 
R(X) 83.39 79.24 83.17 78.52 80.61 78.73 83.06 78.49 79.48 76.94 
R(Y) 79.22 73.16 79.04 72.29 76.61 72.77 79.00 71.91 75.52 70.27 
R(Z) 61.05 50.13 60.89 49.55 58.79 50.14 60.72 47.96 57.86 45.67 
X 77.30 71.89 77.10 71.22 74.68 71.50 76.97 70.87 73.61 69.21 
y 79.22 73.16 79.08 72.29 76.61 72.77 79.00 71.91 75.52 70.27 
z 72.10 59.20 71.91 58.52 69.44 59.21 71.71 56.64 68.33 53.94 
L 89.00 85.53 88.90 85.02 87.53 85.60 88.88 84.80 86.90 83.82 
a -0.73 0.35 -0.79 0.72 -0.87 0.31 -0.95 0.77 -0.88 0.67 
b 14.27 18.83 14.27 18.70 14.23 18.56 14.37 19.76 14.21 20.52 
OWL 576.56 577.62 576.50 577.91 576.41 577.57 576.34 577.9'2 576.40 577.82 
PUR 15.62 22.36 15.64 22.41 15.83 22.16 15.73 23.9'2 15.93 25.29 
LUM 79.22 73.16 79.04 72.29 76.61 72.77 79.00 71.91 75.52 70.27 
WH 6.53 -18.94 6.42 -18.66 5.34 -17.76 5.89 -23.90 4.87 -28.11 
YEL 22.93 31.47 22.96 31.45 23.25 31.10 23.13 33.30 23.38 35.00 
CIEWH 5.44 -31.50 5.14 -32.22 1.69 -30.50 4.50 -39.61 0.13 -47.80 
CIETINT -8.37 -14.66 -8.27 -15.42 -8.23 -14.39 -8.04 -16.48 -8.25 -17.16 





































































































Pad 1 Pad 2 Pad 3 Pad 4 Pad 5 Average 






































































































































Pad 6 Pad 7 Pad 8 Pad 9 Pad 10 Average 
1� 098 �� 1.60 302 1.95 
61 
62 
18 Hr Reversion Data 
Run PAD 1 PAD2 PAD3 PAD4 PADS AVG 
1% CA 1ST 4.43 3.92 4.55 4.04 5.13 4.41 
1% CA FW 4.17 4.75 4.11 4.07 0.00 4.27 
1% CB 1ST 3.49 4.84 3.66 3.69 3.71 3.86 
1% CB FW 7.61 7.81 7.07 6.63 6.44 4.61 
1% A 1ST 5.27 5.55 4.68 4.25 3.86 4.72 
1%AFW 7.40 7.09 6.42 6.31 6.35 6.71 
1% B 1ST 4.47 4.81 5.29 5.29. 6.09 5.19 
1%BFW 5.77 4.60 5.08 3.97 6.47 5.18 
1% C 1ST 5.09 3.69 4.89 4.47 4.89 4.07 
1%CFW 7.90 6.72 6.75 6.36 6.39 6.83 
3% CA 1ST 5.48 5.00 5.07 5.32 6.00 5.38 
3% CA FW 4.99 6.30 6.57 6.63 5.49 6.00 
3% CB 1ST 4.55 5.08 6.07 4.53 5.35 5.11 
3%CBFW 4.88 5.52 5.90 5.45 5.58 5.47 
3% A 1ST 5.14 5.95 5.81 6.15 6.36 5.88 
3%AFW 6.04 7.20 7.20 7.14 7.18 6.95 
3% B 1ST 5.52 6.03 6.17 6.33 5.57 5.92 
3%BFW 5.70 5.49 6.11 6.02 5.32 5.73 
3% C 1ST 5.40 5.89 6.23 5.66 5.75 5.79 
3%CFW 4.47 5.44 5.37 5.05 5.35 5.34 
UB 5.07 5.04 4.80 5.33 5.91 5.23 
AVG 
1% CA 1ST 4.41 
1% CA FW 4.27 
1% CB 1ST 3.63 
1% CB FW 7.11 
1% A 1ST 4.72 
1%AFW 6.71 
1% B 1ST 5.19 
1%BFW 5.18 
1% C 1ST 4.61 
1%CFW 6.77 
3% CA 1ST 5.38 
3%CAFW 6.00 
3% CB 1ST 5.11 
3% CB FW 5.47 
3% A 1ST 5.88 
3%AFW 6.95 
3% B 1ST 5.93 
3%BFW 5.73 




1 % Sodium Hydrosulfite 1st Stage of Bleaching 
Run Start Finish After Washing 
CA 4.60 3.20 ---
CB 4.20 3.08 ---
A 4.70 4.80 5.40 
B 4.20 3.40 3.70 
C 4.50 3.00 3.50 
1 % Sodium Hydrosulfite Final Stage Of Bleaching 
Run Start Finish After Washing 
CA 2.60 2.50 3.46 
CB 2.50 2.43 3.20 
A 3.43 3.78 
B 2.80 2.68 3.43 
C 2.50 2.45 3.25 
3 % Sodium Hydrosulfite 1st Stage of Bleaching 
Run Start Finish After Washing 
CA 3.03 2.93 ---
CB 3.50 3.37 ---
A 4.75 4.25 4.95 
B 4.01 4.10 3.84 
C 3.02 3.02 3.60 
3 % Sodium Hydrosulfite Final Stage Of Bleaching 
Run Start Finish After Washing 
CA 3.00 2.48 2.79 
CB 3.14 2.94 3.39 
A 3.00 3.15 3.71 
B 2.26 2.60 3.26 
C 2.20 2.25 2.95 
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Graph #6 
3% Run Brightness Reversion (Air) 
1ST FW 
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Graph #7 


























Control Before Aging 
• Control After Aging
• UB Before
II Run (A,B,C) Before Aging 
• Run (A,B,C) After Aging
0 UB After
Graph #8 
3% Run Whiteness Index 
I I 
I I I 
..... -� ... 1:: 
-30 �-,----+-' ---f-------+' ----+------+,---' 
Control Before Aging • Control After Aging 
II Run (A,B,C) Before Aging� Run (A,B,C) After Aging 
• UB Before D UB After 
68 
Graph #9 
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Fa Run (A,B,C) Before Aging • Run (A,B,C) After Aging 
• UB Before DUB After 
Graph #10 
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Graph #11 
Control Run Brightness Comparison 
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Graph #12 
A, B, C Run Brightness Comparison 
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Graph #13 
1 % Control Run Reversion Comparison 
1%CA 1st 
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Graph #14 
1 % Run A,B,C Reversion Comparison 
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Graph #15 
3% Control Run Reversion Comparison 
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Graph #16 
3% Run A,B,C Reversion Comparison 
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Graph #17 
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Graph #19 
1 °/o Control Run Reversion (18 hr) 
1%CA 1st 8-,--------------------------, 
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PA01 PAD2 PA03 PA04 PA05 AVG 
Graph #20 
1% Run A,B,C Reversion (18 hr) 
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Graph #21 
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Graph #22 




3% Run A 1st 
;:!: 
0 -�---+---.......... �--+-"-�-+---�---+---.......... 
PA01 PA02 PA03 PA04 PADS AVG 




















PAD1 PA02 PAD3 PA04 PADS AVG 
3% Run C 1st 
0 +-'---'--+-'--"--+-'---'-+--'---'-+--'----'--+-'---'--I 









0 -�----........ ---......... ---�-----
PAD1 PA02 PA03 PA04 PADS AVG 










0 -�---+---........ ---+-"---+-�---+---'----< 
PA01 PA02 PA03 PA04 PADS AVG 








PA01 PA02 PA03 PA04 PADS AVG 
75 
